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J. Dairy Res. (1961), 28, 1 1 


Some volatile compounds in New Zealand Cheddar cheese and 
their possible significance in flavour formation 


IV. The addition of flavour compounds to cheese 
curd to simulate Cheddar flavour 


By J. R. L. WALKER* 
The Dairy Research Institute (N.Z.), Palmerston North, New Zealand 


(Received 20 August 1960) 


Summary. Mixtures of methyl ketones and fatty acids were added to bland cheese 
curd. After 3 weeks these experimental cheeses possessed a distinct Cheddar-type 
flavour; the intensity of the artificially induced flavour corresponded to that of a 
normal 3-month-old Cheddar cheese and thus provided evidence in support of the 
hypothesis that the normal mature Cheddar flavour results from a blend of methyl 
ketones, fatty acids and single substances such as hydrogen sulphide. 


Recent work in this and other laboratories has given strong grounds for believing 
that the characteristic aroma of Cheddar cheese may be attributed to the presence in 
the mature cheese of a wide range of carbonyl compounds, in particular methyl 
ketones, together with other substances such as hydrogen sulphide (Patton, Wong & 
Forss, 1958; Day, Bassette & Keeney, 1960; Walker & Harvey, 1959; Walker, 1959; 
Kristoffersen & Nelson, 1955). The latest work of Day et al. (1960) is of particular 
interest, since these workers have also identified from American Cheddar cheese a 
wide range of carbonyl compounds, essentially similar to those present in New 
Zealand Cheddar cheese. Furthermore, these workers prepared mixtures of various 
carbonyls and fatty acids which, when added to a simulated Cheddar system, im- 
parted a flavour partially resembling true Cheddar flavour. 

This paper reports experiments designed to test the author’s earlier findings by 
investigating the effect on the flavour of young Cheddar cheese curd of the addition of 
mixtures of the compounds postulated to be concerned in cheese flavour. 


EXPERIMENTAL METHODS 


On the basis of the experimental data provided by Harvey & Walker (1960) and 
Peterson, Johnson & Price (1949) various mixtures of methyl ketones (mixture K,) 
and fatty acids (mixture FA) were made up in proportions corresponding approxi- 
mately to those found in a mature Cheddar cheese (9-10 months old). Only those 
carbonyl compounds which showed a significant increase in concentration as the 
cheese matured were included since it was assumed, for these experiments, that these 


* Present address: Cawthron Institute, Nelson, New Zealand. 
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ketones were the key flavour-producing compounds. It was visualized that there 
might be differences in the uptake of the various ketones by the curd so three addi- 
tional ketone mixtures (K,, K;, K,), in which the balance of the various constituents 
had been altered, were also prepared. 

Various amounts of these mixtures were dissolved in 20 ml of molten butterfat 
which served as a carrier to facilitate dispersion of the flavour compounds into the 
experimental cheeses. In certain experiments 0-1 g of thioacetamide was also added 
to the 20 ml of butterfat. Thioacetamide was used as a convenient source of hydrogen 
sulphide since it readily breaks down to yield hydrogen sulphide, acetic acid and 


Table 1. Constitution of synthetic cheese flavour mixtures, 


proportions by weight (g) 
la Ketone mixtures 
Mixture 
Ketone K, K, K; K, 
Acetone 4 8 4 4 
Butan-2-one 1 2 1 1 
Pentan-2-one 3 6 6 3 
Heptan-2-one 2 2 4 2 
Nonan-2-one 1-5 1-5 3 3 
Undecan-2-one 1-5 15 1:5 3 
Tridecan-2-one 05 0:5 0-5 1-0 


1b Fatty acid mixture (FA) 


Acetic acid 10 
n-Butyric acid 5 
n-Hexanoic acid 12 
n-Octanoic acid 14 


ammonia. The molten butterfat, containing the flavour compounds, was thoroughly 
mixed with 10-lb portions of finely chopped double-milled cheese curd (approx. 4 in. 
cubes) immediately before the curd was packed in the hoops for pressing. A control 
cheese, to which had been added 20 ml of butterfat, was included in each experiment. 

After pressing, the cheeses were stored at 55°F for 3 weeks and then assessed for 
flavour by panels of judges. The identity of the individual samples was unknown to 
the judges. 


EXPERIMENTAL RESULTS 


In all the experimental series the control cheese at 3 weeks was bland in flavour 
with no more than a trace of the type of flavour generally recognized as ‘cheesy’, but 
the texture approached that of mild Cheddar cheese. For these reasons experimental 
cheeses were not judged until 3 weeks old. The control cheeses were typical of 
Cheddar cheese in texture at this age. The addition of various mixtures of compounds 
gave additional flavour, in some cases pleasant, in others objectionable. The results 
of some of these experiments are listed in Table 2. 

Expt. 1 was of a general exploratory nature designed to give a rough indication of 
the levels of ketones and fatty acids to be used in future experiments. The results of 
this preliminary experiment showed that an excess of methyl ketones gave rise to a 
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very noticeable oily after-taste and that the desirable level of ketones was in the 
range of 0-2-0-5 ml of mixture K, per 10 1b of cheese curd. There was a definite 
difference between cheeses 1d and 1h which indicated that hydrogen sulphide 
affected the final flavour. 

On the basis of these preliminary results a second experiment (2) was designed to 
study the effect of varying amounts of ketone mixture K, in the range 0-2-0-5 ml/ 
10 lb of curd, both with and without hydrogen sulphide. From Table 2 it can be seen 
that the cheese containing added thioacetamide (2c and 2e), as source of hydrogen 
sulphide, showed a distinct improvement over those without (2b and 2d). Experi- 
mental cheese 2e gave the closest approach to a mature Cheddar cheese flavour, but 
the panels considered that both cheeses 2c and 2e would be quite acceptable to con- 
sumers as Cheddar-type cheese. 


Table 2. Results of cheese flavour experiments with different quantities of 
flavour mixtures (see Table 1) added to 10 lb of cheese curd 


Ketones, Fatty acids, Thioacetamide, Flavour 


Cheese ml of K, ml of FA g seore Comments 
Expt. 1 
la 0 0 0 - Control; only a trace of 
cheese flavour 
1b 0-2 0-6 0 ++ Slightly more cheese 
flavour than la 
le 0-5 15 0 + 
ld 1-0 3-0 0 | Abnormal with strong, 
le 2-5 75 0 = oily after-taste 
lf 2-5 0 0 
lg 0 75 0 = Rancid 
lh 1-0 3-0 0-1 = Abnormal, but better 
than ld 
Expt. 2 
2a 0 0 0 oa Control, bland 
2b 0-2 1-0 0 + 
2c 0-2 1:0 0-1 ++ Cheesy Cheddar-type 
2d 0-3 1-0 0 + : flavour 
2e 0-3 1-0 0-1 +++ 
2f 0-4 1-0 0 a Abnormal, oily 
29 0-4 1-0 0-1 after-taste 
Expt. 3 
3a 0 0 0 - Control, bland 
3b 0-3 K, 1:0 0-1 +++ Cheddar flavour 
3c 0-3 K, 1-0 0-1 + 
3d 0-3 K, 1-0 0-1 + 
3e 0-3 K, 1-0 0-1 
3f 0 1-0 0-1 o Slightly rancid 


As was noticed in Expt. 1, an excess of ketones again gave rise to an oily after- 
taste and Expt. 3 was therefore devised to discover if this defect was associated with 
an excess of certain methyl ketones in the mixture. With this aim in view three 
modifications (K,, K,, K,) of the original ketone mixture K, were prepared and added 
to the cheese curd in the same way. The results of this experiment, shown in Table 2, 
indicated that mixture K,, based on analytical data, still gave the closest approach 


to mature Cheddar cheese flavour. Other additional experimental cheeses incor- 
1-2 


. 
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porating mixture K, further confirmed this opinion. Both cheeses 3b and 3e, 
although only 3 weeks old, had a pleasant Cheddar-type flavour which, while not 
completely perfect, was never mistaken for any other type of cheese flavour. 

During the course of these experiments it was also noticed that the flavours of the 
experimental cheeses often showed a significant improvement after they had stood at 
room temperature for a few hours. This observation can very likely be attributed to 
an increased liberation at the warmer temperature of hydrogen sulphide which could 
subsequently react, in some manner as yet unknown, with the methyl ketones 
thereby modifying the final flavour. Work is currently in progress to attempt to gain 
more information on the role of hydrogen sulphide in the formation of Cheddar 
flavour. 


DISCUSSION 


So far work in these laboratories has been concentrated on the study of the aroma 
constituents of Cheddar cheese, and the results of these studies have formed the basis 
for the experiments described in this paper. However, the Cheddar aroma is super- 
imposed upon a ‘background’ flavour and if this ‘background’ flavour is not ade- 
quately developed the final effect of the aroma-producing compounds cannot be fully 
appreciated. Such was the case here. The addition of increasing quantities of methyl 
ketones and fatty acids produced in the young cheeses a more mature Cheddar 
flavour but the intensity of the flavour was limited by the small amounts of aroma 
substances that could be superimposed upon a 3-week-old cheese curd which had 
little ‘background’ flavour. However, the best experimental cheeses, containing 
added flavour compounds, were judged to have flavours approaching those of normal 
Cheddar cheese and considerably in advance of the flavour normally associated with 
a 3-week-old cheese. These opinions were expressed by a panel of Institute members 
and by competent cheese graders and other officers of the Dairy Division of the New 
Zealand Department of Agriculture. 

Finally, it should be emphasized that the main aim of these experiments was to 
test the validity of a hypothesis developed from analytical investigations on the 
flavour of New Zealand Cheddar cheese. Although further work would be needed to 
synthesize a completely perfect Cheddar cheese flavour the experimental cheeses 
possessed flavours approximating closely to those of normal mild-mature Cheddar 
cheese (2-3 months old) thus tending to confirm the hypothesis that the typical 
Cheddar flavour results from a blend of methyl ketones, free fatty acids and sub- 
stances such as hydrogen sulphide. 
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The short-term effects of the level of concentrates given to 
Ayrshire cows and of adding 0°75 lb sodium 
acetate to the daily diet 


By C. C. BALCH 
National Institute for Research in Dairying, Shinfield, Reading 


J. TAYLOR anp I. THOMSON 
Food Research Department, Unilever Ltd., Sharnbrook, Beds. 


(Received 30 August 1960) 


Summary. 1. In an experiment with twenty-four Ayrshire cows, four treatments 
were compared in a change-over experiment in which each cow completed four 
periods each of 4 weeks. In all the treatments the cows received daily 4 lb of con- 
centrates and roughage according to their initial live weight. For milk yields above 
10 lb the cows received 4 lb of a concentrate mixture per 10 lb of additional milk pro- 
duced in the previous week in one treatment, and 3 lb in the other three treatments. 
Two of the treatments with the lower rate of feeding were supplemented with 
0-75 lb of sodium acetate daily, given in either one or three doses. 

2. Digestion trials were made with the hay and concentrates to aid in the estima- 
tion of their starch equivalents. The allowance made for the maintenance require- 
ments of the cows appears to have been close to that recommended by Woodman 
(1957). 

3. On one treatment the cows in fact received 4-29 lb of concentrates/10 lb of milk 
produced, and gave on average 36-6 lb of milk (35-2 lb of 4% fat-corrected milk) in 
the last 2 weeks of the experimental period with a daily decline in milk yield of 
0-14 lb/day. On the other treatments the cows in fact received 3-48 lb of concen- 
trates/10 lb of milk produced, and averaged 34-4 lb of milk daily with an average 
daily decline of 0-21 lb/day; this differed significantly from the rate of decline 
observed with the higher rate of feeding. 

4, The addition of 0-75 lb of sodium acetate to the daily diet, in one or three doses, 
exerted no detectable effect on milk yield or composition, apart from a small effect on 
the solids-not-fat (s.N.F.) percentage which was of doubtful meaning. 

5. At the higher rate of concentrate feeding the s.n.F. content was 0-10 % higher 
than at the lower rate of feeding. This difference and the resulting difference in the 
yield of s.N.F. (0-21 lb daily) were significant. 


In view of its considerable economic importance to dairy farmers, surprisingly few 
attempts have been made to measure the response which may be expected when 
concentrates are offered at any given level above maintenance requirements. Such 
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experiments should properly be of considerable duration, preferably over complete 
lactations, to allow the full cumulation of the effects of the diet. The experiments of 
Jensen, Klein, Rauchenstein, Woodward & Smith (1942) are a notable contribution 
in this respect. They show, as indeed do most of the shorter and ‘change-over’ 
experiments which have been reported, that with increasing amounts of nutrient 
above maintenance the amount of milk produced will increase, but with diminishing 
returns for each additional unit of nutrient given per gallon of milk. The literature of 
this topic was reviewed and discussed recently by Burt (1957). 

It is usually considered that with concentrates at any given level above mainten- 
ance the energy intake is more likely to exert a limiting effect on milk production 
than the protein intake. While this may be true for a majority of conditions in 
Britain it will clearly be complicated by many factors, notably the protein content 
and digestibility of the roughages. Energy provided as carbohydrates—whether 
sugars, polysaccharides such as starch or any of the cellulosic constituents—is likely 
to be made available to the animal through the action of the rumen microflora as 
volatile fatty acids. With virtually all diets used under practical conditions the pre- 
dominant volatile fatty acid is acetic acid. With diets such as hay alone the volatile 
fatty acids appear to be produced in the rumen at a steady rate which results in a 
fairly constant level of acid in the rumen contents throughout the 24 h. With diets 
containing more highly digested foods, such as cereal grains, there is a marked peak 
of volatile fatty acid production 2-4 h after feeding begins. With such diets the pro- 
portion of acetic acid would probably be lower and of propionic acid higher than with 
hay. All the volatile fatty acids are known to be useful to ruminants as sources of 
energy. 

The present experiment included four treatments. The first two were designed to 
provide the cows with a normal and a somewhat lower level of energy intake. In the 
other two treatments the diet low in energy was supplemented with sodium acetate ; 
this was given in either one or three portions daily to simulate conditions of rapid and 
slow fermentation, respectively. It was appreciated that the amount of acetate 
given, 0-75 lb daily, contributed a small proportion only of the daily energy intake, 
but in view of possible harmful effects to the cows it was decided not to exceed this 
dose. Since this experiment was completed much larger amounts have been given to 
fistulated cows as intra-ruminal infusions of very dilute acetic acid (Rook & Balch, 
1959). 


EXPERIMENTAL 


The experiment was carried out in the winter of 1955-56, on twenty-four Ayrshire 
cows in their second or a later lactation, from the Colworth herd at Sharnbrook. 
Before calving the animals received good permanent pasture supplemented with 
sufficient concentrates to supply an estimated total of 75 % of their requirements for 
peak yield in the previous lactation. This amount was built up gradually from 6 to 
2 weeks before calving and was reduced to 50 % of requirement in the last week before 
calving, and for longer if calving were delayed. Feeding was modified to include a 
bran and molasses mixture in the 3 days after calving and concentrates as for treat- 
ment A (see below) were gradually introduced. By 14 days after calving concentrates 
were being given in amounts sufficient for 5 1b milk more than the daily mean yield 
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in the previous week. This continued until the peak yield was passed, when the 
experimental treatments began. 

The cows were housed in a conventional cowshed with divisions between animals 
to prevent stealing. Each day they were allowed exercise in a concrete yard for 3 h; 
they had access to water at all times. All foods were weighed daily for each cow and 
the cows were weighed weekly. The milk was sampled by means of a Danish bucket at 
an evening and morning milking twice weekly. 

The daily basal diet adjudged sufficient for maintenance and the production of 
10 lb of milk consisted of 9 lb of hay for a cow of 1000 Ib + 1 1b/100 lb above or below 
1000 Ib, 5 lb of oats, 6 lb of silage and 4 lb of balanced dairy cubes containing added 
minerals (concentrate 1). 

The experimental treatments were based on the milk given in excess of 10 lb as 
follows. 


Treatment A: 4 lb of balanced dairy cubes (concentrate 2)/10 1b of milk. 
Treatment B: 3 lb of balanced dairy cubes (concentrate 2)/10 lb of milk. 
Treatment C: as B with 0-75 lb of sodium acetate once daily. 
Treatment D: as B with 0-25 lb of sodium acetate three times daily. 


The daily programme was as follows: 05.30, 33% concentrates, cows milked; 
07.30—-10.30, exercise; 10.30, silage; 14.00, 33° concentrates; 16.00, cows milked; 
17.15, hay; 21.00, 33% concentrates. 

With treatments A, B and D the oats were given in three equal parts with the 
concentrates; with treatment D the acetate was mixed with the oats. With treat- 
ment C all the acetate was given, mixed with the full daily allowance of oats, at 
14.00 h. 

Blocks of four cows were assembled according to calving dates, and the experi- 
mental treatment began as the cows passed peak lactation. The experiment consisted 
of four periods each of 4 weeks’ duration and in each block the treatments followed a 
different Latin square order. 

The hay used in the experiment was from a ley and consisted approximately of 
cocksfoot (75%), timothy (15%), other grasses (5°) and broad-leafed red clover 
(5%); it was cut on 26 June 1955 and was harvested in good condition. "his was 
‘first-cut’ hay. The concentrates were typical medium-quality dairy cubes containing 
fifteen ingredients ; the analyses of all the foods are given in Table 4. 

Separate digestibility trials were made at Shinfield on the hay and concentrate 1, 
since these were the major foods used in the experiment. Four dry cows received 
two diets in successive periods. The diets were: (i) 16 lb of hay, and (ii) 10 lb of hay 
and 10 lb of concentrates. Faeces were collected by means of harness and bags over 
periods of 10 days. Fourteen days were allowed for the animals to become accustomed 
to the diets and the harness. 

Digestibility coefficients were calculated for the hay and, by difference, for the 
concentrates. In attempting to calculate a starch equivalent value for the hay, the 
usual correction was made on the basis of 0-58 of the crude-fibre content, and the 
final value was increased by 20% as practised by Woodman (1957). In calculating a 
starch equivalent value for concentrate 1, the factor used for digestible ether extract 
was 2-26 and a deduction of 0-29 of the crude-fibre content was made. The limitations 
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of these arbitrary calculations are fully appreciated; they were carried out to permit 
the best possible comparison with the standard allowances at present accepted for 
milking cattle in Britain (Woodman, 1957). 


RESULTS 

All calculations, except in (e) below, were based on results from the last 2 weeks 
in each period to minimize residual effects of earlier diets. 

(a) Food intake. The mean amounts of concentrates given are listed in Table 1. 
This shows that the cows received daily about 3 lb more concentrates when receiving 
treatment A than with treatments B, C and D. 


Table 1. Intake of concentrates in the last 2 weeks of each period 


Mean daily intake 
Treatment of concentrates, lb 
A 15:3 
B 12-4 
C 12-2 
D 12-0 


Table 2. Yield and composition of milk in the last 2 weeks of each period 
Mean daily yield, lb 


4% fat- 
corrected 
Treatment Milk milk Fat S.N.F. Fat, % S.N.F., % 
A 36-6 35:2 1:37 3-24 3-80 8-90 
B 34:5 34:0 1-35 3-02 3°91 8-76 
Cc 34-9 34-4 1-36 3:07 3-88 8-79 
D 33-9 33°7 1-35 2-99 3-98 8-86 
Approximate 1-1 1-2 0-06 0-10 0-14 0-08 
significant difference 
(P = 0:05) 


(b) Live weight. The mean weight of the cows was 1085 lb. The periods were too 
short for meaningful live-weight changes to be detected by weekly weighing. 

(c) Milk production. The mean yields of milk and of 4% fat-corrected milk are 
given in Table 2. This shows that the additional 3 lb of concentrates given with treat- 
ment A produced only about 2 1b more milk; this difference was significant, but the 
acetate added in treatments C and D had no significant effect on milk yields. The 
differences in treatment means were further reduced when the yield was expressed as 
4°%, fat-corrected milk. 

(d) Milk composition. As also shown in Table 2 there were no marked changes in 
fat percentage. The value with treatment D was significantly above that with treat- 
ment A and the mean value for treatments B, C and D was just significantly greater 
than that for treatment A, but the means for B, C and D did not differ significantly 
from one another. The mean yields of fat were remarkably constant with all the 
treatments. The s.N.F. percentage with treatment A was significantly above the 
mean of treatments B, C and D, and treatment D gave a value which was significantly 
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it above that for B. The yield of s.n.F. with treatment A was significantly above the 
or yield with the three other treatments. 

(e) Rate of decline in milk yield. Table 3 shows the rate of decline in yield over the 

full 4 weeks of the experimental periods. The rate of decline was significantly less for 
treatment A than for the mean of treatments B, C and D, but the latter three treat- 
ments did not differ significantly from one another. 
8 (f) Nutritive value of foods. The composition of the foods and the results of the 
digestion trials are given in Table 4 together with the starch equivalent values for 
a hay and concentrates, calculated from the results of those trials. These values are 
g used, in (g) and (h) below, to estimate the level of rationing achieved compared 
with the level aimed at in the plan of experiment. 


Table 3. Rate of decline in milk yield in the 4 weeks of each period 


Mean decline in 


daily milk yield, 
Treatment lb/day 
A 0-14 
B 0-21 
Cc 0-18 
D 0-22 
Approximate 0-07 
significant difference 


(P=0-05) 


Table 4. The composition and digestibility of the foods with estimates of 
their starch equivalent and digestible crude-protein contents 


Dry matter Crude protein Etherextract N-free extract Crude fibre Ash 


Digesti Digesti- Digesti- Digesti- Digesti- Digesti-  equiv- 
bility, bility, bility, bility bility, bility,  alent,* 
Food % % % % % % % % % % % % % 
858 59-4 87 52-7 15 40:3 355 831 66-8 70 485 34-4 
19-7 3:3 0-7 78 58 2-1 9-0 
Concentrate 1t 86:1 — 180 688 3-4 896 509 85-0 66 10-7 72 _ 60-6 
Concentrate 2 85-6 18-9 2:8 51-4 59 66 60-6 
85:7 10-6 35 59-1 9-5 3-0 60-0 


* The values for the starch equivalent of the hay and concentrate 1 were computed from the digestibility trial. Concen- 
trate 2 was given the same values as concentrate 1, and values for the silage and oats were taken from Woodman (1957). 
+ Digestibility coefficients for concentrate 1 were calculated by difference. 


(9) Yield of milk per pound of concentrates. The level of concentrates offered was 
set at 4 lb for the first 10 lb of milk and either 4 lb (treatment A) or 3 lb (treatments 
B, C and D) for all the remaining milk produced. In Table 5 are compared the levels 
actually given and the amounts which would have been expected. The cows received 
in one week an amount of concentrates based on the yield of milk in the previous 
week ; the actual rates of feeding differed from the intended level by less than would 
have been expected from a consideration of the average decline in yield (Table 3). 

(h) Yield of milk per pound of starch equivalent given above maintenance. Using the 
values for starch equivalent listed in Table 4 and assuming the relationship between 
maintenance requirement for energy and body weight given by Woodman (1957), 
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values for the amount of milk produced per pound of starch equivalent given above 
maintenance were estimated and are included in Table 5. From these estimates we 
can deduce that with treatment A the cows were rationed at 0-27 lb of starch equiva- 
lent above the usual standard of 2-5 lb of starch equivalent per 10 1b of milk, while 
with treatments B, C and D they received 0-12-0-14 lb of starch equivalent less than 
the standard. 


Table 5. Rationing of concentrates in last 2 weeks of each experimental period 


Milk produced Starch 
per lb starch . equivalent 
Milk produced Concentrates given, lb/10lb equivalent given above 


per lb milk produced given above maintenance* 
concentrates maintenance* perl0 lb milk 
Treatment given, lb Actual Aim Ib produced, lb 
A 2-33 4-29 4:00 3°61 2-77 
B 2-85 3-51 3-29 4-21 2-38 
Cc 2-88 3°47 3°29 4-23 2-36 
D 2-90 3°45 3-29 4-23 2-36 
Approximate 0-09 0-14 


significant difference 
(P = 0-05) 


* Assuming a relationship between maintenance requirements and live weight as given by Woodman 
(1957). 


DISCUSSION 


The errors encountered in this experiment were low, but the experiment did not 
prove sufficiently sensitive to detect any changes in milk yield which could be 
ascribed to the administration of 0-75 lb of sodium acetate daily whether given in one 
or three doses. This was not surprising since the net energy content of 0-75 lb of 
sodium acetate could hardly have amounted to more than would be required for 
1 lb of milk. More acetate would have been given if difficulties in feeding had not 
been foreseen. The only significant change in milk composition was an apparent 
increase in S.N.F. content of 0-10°% with treatment D compared with treatment B. 
In view of results obtained by giving larger amounts of acetic acid (Rook & Balch, 
1959) it seems unlikely that this difference was meaningful. In the further calcula- 
tions, discussed below, any possible effects of the acetate treatment have therefore 
been ignored. 

The most interesting change in milk composition observed in these experiments 
was that for cows receiving 2-77 lb of starch equivalent/10 lb of milk produced the 
$.N.F. content was 8-90 %, whereas when they received 2-36—2-38 lb of starch equiva- 
lent/10 1b of milk the s.n.F. content was significantly lower (8-80%). The yield of 
S.N.F. was always significantly less at the lower level of feeding. 

The value of any experiment dealing with the effects of different levels of feeding 
depends on the ease with which the results can be used to predict the probable effects 
of feeding similar levels in other experiments or under practical conditions. The main 
difficulty in application is that of defining the conditions of the experiment and 
particularly the amount of net energy consumed. With many feeding experiments of 
this type it has only been possible to estimate a net energy value for the diets by 
substituting, for the individual foods, net energy values obtained by comparison with 
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published tables of composition. This type of substitution in experiments, the tables 
themselves, and even the standards from which the amounts of food required have 
been computed, have all been subjected to much criticism in recent years. This 
criticism is justified by the results of recent experiments in energy metabolism and in 
rumen function. Against this background it is worth noting that in the present experi- 
ment the scale and method of rationing, based on ‘book’ values, used during the 
experiment, were in close agreement with the final estimate of the energy intake, 
using the net energy values of the two main foods deduced from the result of digestion 
trials. Thus while we may confidently feel that treatment A was, as intended, a 
reasonably close approximation to the levels of feeding recommended by Woodman 
(1957), an important problem is to find in the interpretation of the experiment 
whether, at those levels, milk production was satisfactory. 

The milk yield of a cow responds to changes from the recommended level of 
feeding ; the response follows a curvilinear pattern although there is no agreement on 
the precise shape of the curve. It is clear, however, that reduction in the amount of 
food given, from a moderate level of feeding to a point below that level, will result in 
a decrease in milk production. For cows past their peak lactational yield this will 
appear as an increase in the average rate of decline in milk yield; there would prob- 
ably also be a loss of body weight. 

In the present experiment we set out in treatment A to give cows 4 lb of concen- 
trates per 10 lb of milk. They were in fact given 4:29 lb/10 lb of milk mainly because 
they were fed each week according to the yield in the previous week. At this level of 
feeding the daily average milk yield was 36-6 lb and the daily decline in milk yield 
was 0:14 Ib/day. This would usually be regarded as a satisfactory rate of decline for 
such cows. 

When the cows were given 4 lb of concentrates for the first 10 lb of milk and 3 Ib 
for each additional 10 lb of milk (treatments B, C and D) the intake of concentrates 
was 3-48 lb/10 lb of milk as opposed to the aim of 3-29 Ib/10 lb of milk. At this same 
level of feeding the daily milk yield decreased by 0-21 Ib/day, a rate of decline which 
was significantly greater than that observed with treatment A. In the mean values 
for the last 2 weeks of each period, or in effect after 3 weeks of treatment, the result 
of these differences in the rate of decline was that with treatments B, C and D the 
cows gave 34-4 lb of milk daily, 2-2 lb less than with treatment A, a difference which 
was significant. While the short-term effects of such changes in diet are of interest in 
themselves it is not possible to extrapolate from this observation and obtain an 
estimate of whole lactation effects. 


Adequacy of rationing standards 

The net energy obtained from the diet would be used by the cow for maintenance 
and for the production of milk; any surplus would be expected to be reflected in 
increased yield and increased body weight. At the levels of feeding used, maintenance 
and milk production would be expected to constitute the major requirements and in 
the calculations which follow it did not prove possible to incorporate any corrections 
for live-weight changes during the period, presumably because the periods were of 
only 1 month duration and the animals were weighed only once per week. 
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For diets B, C and D the following equation was fitted to the results for the last 
2 weeks of each period 
W = a) +3-9256 y +0-1293 y?, (1) 
where 


W = yield of 4% fat-corrected milk (lb/day), 

y = starch equivalent intake (lb/day), 

a = a term which is constant within any one cow, but varies from cow to cow 
because of the varying requirement for maintenance and the first 10 1b of milk 
produced. 

The quadratic term proved significant (0-05 > P > 0-01) indicating that even 
within the rigid conditions of this experiment the amount of milk produced per 


Table 6. Starch equivalent supplied for milk production with 
treatments B, C and D 


BLA} 
Mean starch equivalent* B sas 
supplied per 10 Ib 4% 4 poe 
Total yield per cow fat-corrected milk ; D 
(treatments B, C and D), with treatments 3 R ; 
Ib/day B, C and D, lb 
Woo 
20 2-78 
25 2-67 
30 2-58 
35 2-50 
40 2-42 
45 2-35 
50 2-29 ip 
55 2-24 


* Derived from equation (1), above. 


Table 7. Estimated amounts of starch equivalent available for 
maintenance and the first 10 Ib of 4% fat-corrected milk 
Starch equivalent 


recommended by Woodman 
for maintenance and 


Starch equivalent supplied 
for maintenance and 10 lb 


Initial 
live weight 


of cow milk, lb/day 10 Ib milk, lb 

800 8-0 77 

900 8-3 8-2 
1000 8-6 8-6 
1100 9-0 9-1 4 
1200 9-3 9-6 4 
1300 9-7 10-1 : 
1400 10-0 10-5 


pound of concentrate given was less when the cows were at a low level of production 
than earlier in lactation when the yields were higher. Mean amounts of starch equiva- 
lent supplied per 10 lb of milk derived from equation (1) are given in Table 6. These 
appear to be in agreement with the results discussed by Blaxter (1958). 

It was not possible to devise a similar equation for treatment A since this was given 
only once to each cow. 

A regression relationship between a! in equation (1) and the initial live weight was 
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calculated and the values given in Table 7 were deduced. These show that the amount 
of starch equivalent available for maintenance and the first 10 lb of milk was always 
within 0-5 lb of the allowance recommended by Woodman. Values of a} for individual 
cows varied about the regression line with a standard deviation of 0-55 lb. 


The authors thank Mr G. Walley for the chemical analyses of samples of milk and 
foodstuffs taken at Sharnbrook, Dr M. J. Head for analysis of the samples taken at 
Shinfield, and Mr R. J. Peck and Mr V. W. Johnson for their care of the experimental 
animals at the two centres. 

They are grateful to the Directors of Unilever Ltd. for permission to publish the 
results of the parts of this experiment carried out at Sharnbrook. 
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Hesion and consistency of butter 


By K. JANSEN* 
National Institute for Research in Dairying, Shinfield, Reading 


(Received 7 September 1960) 


Summary. An apparatus, which has certain advantages over that designed by 
_ Claassens, is described for measuring the combined forces of cohesion and adhesion 
(‘hesion’). The effects of varying the loading rate are discussed. Heidebroek & 
Pietsch’s theory, which is applicable to adhesion between lubricated metal surfaces, 
is shown not to hold for butter. 

Hesions measured with the new apparatus are compared with the frictional and 
consistency parameters of Prentice’s butter extruder and also with the liquid-fat 
index. The relationships depended largely on temperature. The majority were signifi- 
cant (P < 0-01). A linear relation was found between Prentice’s two parameters, 
leading to a high correlation coefficient (0-88). 

Preliminary experiments are described on the effects of prolonged working and also 
on the relationship between hesion and weight variations during the printing of 
butter. 


The term ‘hesion’ was coined by Claassens (1958) to include the forces of both 
cohesion and adhesion. He measured the hesion of butter to different materials in 
terms of the vertical pull necessary to detach a test body of the material in question 
from the butter, after a given contact time. The butter sample has a smooth surface. 
to give the best possible contact with the test body. In the procedure described by 
Claassens (1958) a modified Westphal specific density balance is used for measuring 
hesion, and he also designed a ‘macrotome’ (Claassens, 1957) for preparing butter 
samples. The test body is suspended from one end of the beam of the balance, and 
counterpoised by a vessel containing mercury. Pull on the test body is provided by 
running mercury from a burette into the vessel until the test body is detached. The 
volume of mercury needed gives a measure of the hesion. This method is, however, 
not suitable for examining large numbers of samples and therefore the apparatus 
described here has been designed, and used for further investigations of hesion 
measurement and its relationships with measures of the consistency of butter. 


METHOD 
Apparatus for measuring hesion 
The new apparatus is shown in Fig. 1. The butter sample a is clamped on to the 
platform of the lift 6, which is retracted through suitable gearing by the electric 
* Now at: Statens Forsogsmejeri, Hillerod, Denmark. 
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motor c. The test body d, resting on the sample, hangs on a cord passing over and 
attached to pulley e, to which is attached counterpoise f passing through the arc of 
a circle. The pointer h is constructed as a lazy hand and remains in position over 
scale g when the test body becomes detached and the counterpoise returns to its 


apparatus showed a sensitivity of + 1-5 g. 


Fig. 1. Apparatus for measurement of hesion. a, butter sample; 6, lift; c, electric motor with 
clutch and gear assembly ; d, test body; e, pulley; f, counterpoise; g, scale; h, pointer. The motor 
and lift are mounted on a separate baseplate resting on the main baseplate to allow the test body 
to be brought over any part of the butter sample. 


measurements the contact surface of the test body was cleaned by repeated washing 
in carbon tetrachloride. 


lowest position. The scale is calibrated to give the hesion in grams. A test of the | 


The base plate of the apparatus was levelled before measuring began and between | 
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Measurement of consistency 


Extruder thrust and extruder friction were measured by an extruder described by 
Prentice (1954). During extrusion a graph is automatically drawn from which the 
thrust needed to extrude the butter through the orifice, and the friction between 
butter and cylinder, may be calculated. 


Liquid-fat index 
The liquid-fat index was determined as the amount of fat absorbed into 4 cm? 
duplicating paper which was pressed on to the butter for 4 min with a load of 
57-5 g/em?. 
RESULTS AND DISCUSSION 
Preliminary experiments on measurement of hesion 


Claassens (1958) reported that the results of replicate measurements of hesion 
showed a non-Gaussian distribution, and for this reason he used the square root of the 
figures for calculation. He also found that the rate of running mercury from the 
burette had no significant influence on the measurements. However, in a study of 
adhesion between lubricated metal surfaces Heidebroek & Pietsch (1941), using a 
similar method, found that the value obtained was dependent not only on the pull, 
but also on the rate, in such a way that these two parameters were inversely propor- 
tionate, i.e. pull x time = a constant. 

To investigate these questions further, the distribution of replicate results was 
examined by carrying out 150 measurements with the new apparatus on one }-lb 
block of butter, which was cut into ten slices and, with each slice, fifteen measure- 
ments were made in three rows of five. 

The influence of the rate of application of load was investigated using different 
counterpoises. Because of the non-linearity of the scale, however, this method of 
changing the loading was needlessly complicated. 

As an alternative, a series of measurements was carried out in which the platform 
of the measuring apparatus was geared to move at two different constant rates, so 
that the counterpoise was turned 90° in 39 or 66 sec. 

Finally, a series of measurements of the time taken to detach the test body under 
a steady pull was carried out. This was done by adjusting the lift to bring the sample 
of butter to a convenient height, and moving the counterpoise until the test body 
rested on the butter with the cord just slack. This position was held for 15 sec. The 
counterpoise was then moved back until the cord was tight and the time was taken 
from this moment until detachment took place. This method gave results which 
varied so much that it was abandoned. 

The 150 replicate measurements on the one block of butter using one counterpoise 
gave a mean value of 185-5 g with a standard deviation of +36-8g. A frequency 
curve on probability paper is shown in Fig. 2, from which it may be seen that the 
distribution of the readings was Gaussian, or very nearly so. The wide scatter of the 
data may have been due to inhomogeneity in the }-lb block of butter, but referring 
each measurement to its position in the block showed that one part did not have a 


higher hesion than another. It seems rather that this method of measuring hesion 
2 Dairy Res. 28 
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has a high inherent error although, as mentioned earlier, the sensitivity of the 
instrument was high. 

As shown in Table 1, altering the rate of movement of the platform influenced the 
measurement of hesion both in terms of load (g) and of load x time (g sec), so that 
in stating a value for hesion the rate of loading must also be stated. However, the 
results in Table 1 show clearly that hesion in g sec is not as useful for comparison 
of samples as when stated as a weight, and that the theory of Heidebroek & Pietsch 
does not hold for butter as the influence of time is more complicated than that given 


10+ 


Percentag 


0-2/- 


100 150 200 250 
Hesion, g 


Fig. 2. Frequency distribution on arithmetic probability scales of 150 measurements of hesion 
with the one sample of butter. The points on the graph were taken from a histogram with class 
intervals of 10g. Readings falling precisely on block boundaries were divided equally between 
the adjacent blocks, hence the occasional half-readings. 


Table 1. The effect of different rates of loading. Means of two groups 
of 100 measurements on the one block of butter 


Rate of movement of the 


counterpoise ... 90° in 39 sec 90° in 66 sec 
Hesion, g 127 96 
Hesion, g sec 750 1080 


by their equation. Moreover, the distribution of the measurements in g sec was not 
Gaussian and the skewness depended on the counterpoise. 


Hesion and consistency of butter 
To examine the dependence of the hesion on the texture of the butter, eighteen 


samples were examined for hesion, extruder thrust, extruder friction and liquid-fat 
index. The butter samples included English and imported butters of widely different 
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origins, as well as commercial blendings. The four tests were carried out at 10, 15 
and 20°C. 

The measurements of hesion at the three different temperatures showed that 
samples with the lowest extruder thrust had the highest hesion at 10 °C, the majority 
of the samples had highest hesion at 15°C, and a few samples with high extruder 
thrust showed highest hesion at 20°C. 

The correlation coefficients for the four tests at each temperature are given in 
Table 2. The ‘extruder slip’ or the reciprocal of extruder friction was used in these 
calculations, because a graph of extruder slip plotted against the liquid-fat index 
gave a more nearly linear relation. 


Table 2. The correlation coefficients between hesion of butter, extruder thrust, extruder 
friction, extruder slip and the liquid-fat index, in tests at 10, 15 and 20°C 


Extruder Extruder Extruder Liquid-fat 


thrust friction slip index 
Correlation coefficients at 10°C 
Hesion —0:°76 —0:59 +0°36 
Extruder thrust +0°35 — 0-56 — 0-26 
Extruder friction — —0-88 — 0-44 
Extruder slip +0-63 
Correlation coefficients at 15°C 
Hesion +0-07 + 0:33 — 0°25 -0-11 
Extruder thrust +0°79 — 0-82 —0-72 
Extruder friction — —_ — 0-86 — 0-82 
Extruder slip +0-98 
Correlation coefficients at 20°C 
Hesion +0°86 + 0°65 —0:79 —0-71 
Extruder thrust +0-94 —0-79 —0-72 
Extruder friction — — 0°89 — 0-69 
Extruder slip +0-84 


For P = 0-01, 0-59 is significant. Significant correlations, at this level, in italics. 


It may be seen from Table 2 that the correlation between hesion and the three 
other properties is dependent on the temperature. Hesion showed the lowest degree 
of relationship with the three other properties at 15°C. At 10°C hesion showed a 
negative correlation with extruder thrust and at 20°C a positive correlation. This 
confirmed the results of Claassens (1958), which showed that the hesion measured at 
low temperatures is dependent on the contact between butter and test body, which, 
in its turn, is dependent on the shear strength of the butter. With increasing tempera- 
ture the conditions of contact become optimal, but then the cohesive forces of the 
butter decrease and hesion is no longer a measure of the adhesive forces between the 
butter and the test body, but of the cohesive forces in the butter itself, as breaking at 
higher temperatures takes place in the butter under the test body. The maximum 
value for hesion of most butters is obtained at about 15°C, but the temperature 
varies from one sample to another. 

Table 2 shows a close correlation between extruder thrust and extruder friction, 
the correlation coefficient being + 0-88 for all three temperatures taken together. 

A few experiments were carried out comparing hesion of butter with the standard 
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deviation in weight of the packets when the butter was printed. The results showed 
no significant influence of hesion on the accuracy of operation of the printing machine. 

Repeated working of butter in a laboratory-scale butter blender showed an increase 
in hesion after first working and a decrease after each of six further workings. It was _ 
noted that an increasing amount of butter adhered to the test body after each work- ~ 
ing. The extruder thrust decreased for each working, while the liquid-fat index | 
increased. 


The author is indebted to The Federation of Danish Dairy Organisations for pro- _ 
viding the funds for the investigations, to Messrs Aplin and Barrett Ltd. for supplying _ 
the butter samples, and to Dr G. W. Scott Blair for helpful advice and suggestions. _ 
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Tallowy discoloration and trace metals in Cheddar cheese 


By F. BISHOP 
Wallaceville Dairy Laboratory, Department of Agriculture, Wellington, New Zealand 


(Received 8 September 1960) 


Summary. The characteristics are given of a Cheddar cheese defect known as 
‘tallowy discoloration’ or ‘white streak’. In the tallowy portions of the cheese the 
copper content is lower and the iron content higher than in the adjacent normal 
cheese. The copper probably migrates in cheese following oxidation of the sulphy- 
dryl compounds in the tallowy area while the unexpected distribution of iron may be 
explained by changes that occur during salting of the curd. The proportion of ferrous 
to ferric iron tends to increase as the cheese matures and tallowy portions of cheese 
do not contain less ferrous iron than adjacent portions. 

The addition of iron salts to cheese milk did not increase the incidence of tallowy 
discoloration, but the addition of sufficient copper salts reduced it. Although the 
sulphydryl content of cheese appeared to be related to tallowy discoloration, little 
evidence of the part it plays was obtained. The oxidation of sulphydryl groups and 
the formation of peroxides occurred more readily at lower temperatures. 

The significance is discussed of ferrous iron in a fat-oxidizing system where copper 
does not increase oxidation. 


Discoloration of Cheddar cheese has been reported from various sources and in 
different forms. The present report deals with an acute form described as ‘tallowy 
discoloration’ or ‘white streak’. The part of the cheese so affected is bleached white, 
due to oxidation, and the flavour resembles that of tallow. This defect is most wide- 
spread in cheese held in cool storage for long periods, so it became of major importance 
in New Zealand Cheddar cheese towards the end of 1953 when, owing to prevailing 
market conditions, cheese was held for unusually long periods in the cool stores before 
being sold. 

Many manufacturing trials under commercial conditions have been conducted in 
cheese factories by officers of the Dairy Division of the New Zealand Department of 
Agriculture, and by the Dairy Research Institute, N.Z., in attempts to find the cause 
and reduce the incidence of tallowy discoloration. As the defect was rarely seen in 
cheese younger than 4-5 months, such attempts to find its cause were made difficult. 
Frequently, it was necessary to wait 9 months or more before the outcome of manu- 
facturing experiments was known. Many of the possible variables in cheese manu- 
facturing methods were examined, but were found to have little or no influence on 
the incidence of the defect. 

The present paper gives an account of chemical investigations beginning with the 
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discovery of the peculiar distribution of the trace metals copper and iron always 
found in tallowy cheese. Efforts have been made to discover reasons for the un- 
expected distribution of these trace metals. 


METHODS 


Sampling of cheese. When a cheese with typical tallowy discoloration is cut vertically, 
white seams are seen which are sometimes surrounded by wider areas slightly darker 
than the normal amber-coloured cheese. Each white seam is at a line of cleavage or 
comprises weaker bodied cheese, so that when prised apart, the cheese separates 
along the seam displaying white areas on the two exposed surfaces. Significant 
analytical results depended upon exact and rather tedious sampling. For the tallowy 
samples, parings of white material were collected from these surfaces, care being taken 
to include none of the darker-coloured cheese. For the normal samples, pieces of 
normal amber-coloured cheese were taken at a short distance from the discoloured 
cheese and from about the same area. At least 10 g were collected for metal analyses, 
while for compositional analyses 20 g samples were taken. Samples of this size could 
be obtained only where tallowy discoloration was extensively developed. 

Factory experiments. Comprehensive experiments were undertaken to study the 
effect of copper and iron on the incidence of tallowy discoloration at a cheese factory 
where the fault was prevalent. First, the sixteen suppliers’ milks were divided into 
two lots according to the iron content so that Cheddar cheese with different iron 
contents could be made. A total of twenty-seven vats of milk were made into 80-Ib 
cheeses, of which 118 cheeses were examined later. In a further series of experiments 
the effects of added copper and added iron were studied separately. Sulphates of the 
metals were added to the cheese-milk to give concentrations of 0-1, 0-15, 0-2 and 
1-0 ppm. of copper; and of 1-0 and 2-0 ppm. of iron. For control cheese no metal was 
added to the cheese-milk. From these milks New Zealand Cheddar cheese was made 
and stored under normal commercial conditions. Two cheeses were kept from each 
vat for examination later. One cheese was examined after 8-9 months and the other 
after 11-12 months. For examination each 80-lb cheese was cut in half. Altogether 
198 cheeses were examined during a period of 3 years. 

Preparation of ‘metal-free’ brine. A 20% (w/v) solution of dairy salt (NaCl) was 
filtered and the filtrate passed through each of two lactic casein columns at a rate of 
3 ml per min. The columns were prepared as follows: 20 g of 30-mesh lactic casein 
were steeped in 200 ml of distilled water for 16 h. The water was then changed and 
the casein washed into two columns 55 cm high x 1 cm diameter. The 20 % (w/v) salt 
solution was then added to replace the water in the columns. The treated solution was 
diluted to 5% (w/v) before use. 

Brine extraction of cheese curd. Unsalted cheese curd (200 g) was cut into 3 in. 
cubes and suspended with cotton gauze in a 21. beaker which was then filled with 
5% (w/v) metal-free brine at 43 °C. When the temperature had dropped to 38°C 
(after about 20 min) the brine was siphoned off and replaced with fresh brine at 
43°C. This process was repeated using the previous brine warmed to 43 °C. The dura- 
tion of this extraction process determined the amount of cheese dissolved, up to 40 % 
dissolving in 4 h (but less would dissolve at a lower temperature). The brine containing 
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dissolved curd was filtered through Whatman No. 41 filter paper. The curd was 
precipitated from this brine solution by adjusting the pH to 4-4 with 10% (w/v) 
acetic acid, and then recovered by Buchner filtration. The undissolved brine-treated 
curd was removed from the beaker after squeezing out the excess brine. Analyses 
for water, fat and salt, as well as for copper and iron, were made on the cheese curd 
from the three stages thus allowing a comparison of metal concentrations to be made. 

Laboratory maturing experiments. To examine the effect of certain additives and 
also the effect of temperature and the composition of the surrounding atmosphere 
on cheese maturing, small-scale laboratory experiments were made. The cheese for 
these experiments was obtained from 10-lb Cheddar cheeses by using a large trier 
made from stainless steel tubing 3 cm in diameter and 46 cm long, with the cutting 
end tapered to 2:8 cm diameter and sharpened from the inside. This trier applied 
under pressure with a twisting motion pierced the small cheese from top to bottom, 
and the large cylindrical plug was easily removed. For six concurrent experiments six 
such plugs were taken from one cheese. For an experiment 60 g of cheese were taken 
from the middle section of a plug, the end pieces being returned to the cheese and 
the surfaces sealed with wax. The 60-g plugs were matured intact or if substances were 
to be added the plugs were first broken up by forcing pieces through a 10-mesh 
stainless wire screen attached to a stainless steel cylinder and plunger device. 
Reactants were added either dissolved or suspended in about 4 ml of sterile water 
which brought the moisture content of the cheese up to about 40%. After mixing, the 
mass was tamped into 200 ml wide-mouth flasks, similar flasks holding the intact plugs 
for maturing. The flasks were placed in a 6 1. vacuum type desiccator, the bottom of 
which was kept covered with water. The cheese could thus be exposed to the atmos- 
phere required for the particular experiment; pressure was measured with a mercury 
manometer. Temperature was controlled by keeping the desiccator in a room at the 
desired temperature. 

Chemical analyses. British Standard methods were used for the determination of 
moisture, fat, salt, and nitrogen. The sodium peroxide method (A.0.A.C., 1950) was 
used to determine sulphur. 

For metal determinations, duplicate or triplicate samples (5 g) were wet-ashed in 
Pyrex boiling tubes (usually 8 x 1 in. fitted with standard stoppers), using a mixture 
of perchloric and sulphuric acids, with the assistance of nitric acid, as recommended 
by Eden & Green (1940). The metals were determined colorimetrically on aliquots of 
the digest, using dithiocarbamate reagent for copper, and thiocyanate reagent for 
iron by the methods of Perrin, Lightfoot & Moir (1951). 

Spot tests on cheese with 1,10-phenanthroline sometimes showed the presence of 
iron in the ferrous condition. It was estimated on aqueous extracts as follows. 
Cheese (5 g) was triturated in a glass mortar with distilled water (20 ml) and then 
filtered through a ‘fast’ paper (Whatman No. 41). To 5 ml of the filtrate, 0-5 ml of 
0-5 % (w/v) 1,10-phenanthrolinesolution was added, the resulting colour being matched 
against suitable standards. The effect of any turbidity or colour of the cheese extract 
was minimized by viewing the standard against the corresponding cheese extract 
containing no reagent. 

Nitrogen: sulphur ratios. To investigate differences in sulphur content, the nitro- 
gen:sulphur (N/S) ratios were compared. Shredded cheese in a glass thimble with 
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a sintered glass bottom was extracted with ethy] ether in a Soxhlet apparatus. Pellets 
of NaOH in the distillation flask partly dried the ether and maintained its solvent 
action. The ether-extracted protein was dried, ground, and mixed with excess N-acetic 
acid. The pH was then adjusted to 4:4 with n-NaOH and the precipitated protein 
filtered off, washed, and dried. Analysis of the precipitated protein for water, fat, 
sulphur, and nitrogen, enabled calculation of the N/S ratio on a dry fat-free basis. 
Similar analyses were also made on the protein which had been ether-extracted but 
not reprecipitated and washed. 

Peroxide values. The method of Loftus Hills & Thiel (1946) was used. 

Sulphydryl groups. The main criterion used for the study of free sulphydry] groups 
(SH) was their development of a typical magenta colour with sodium nitroprusside 
and ammonia. The complete re-appearance of the magenta colour after the addition 
of dilute KCN to cheese which had lost its positive reaction on exposure to oxygen, 
was taken as further proof that labile SH groups were involved. Because the SH 
groups were so easily oxidized on exposure of cheese to air and also because cheese © 
was not always examined in the laboratory, a rapid semi-quantitative test was | 
required. Such a test was devised after finding that the colours produced with 
cheese and the reagents varied with the amount of sulphydryl compounds present, 
and that the colours could be matched by mixing a constant amount of yellow pig- 
ment, to correspond with the natural cheese colour, and varying amounts of a maroon 
pigment. A series of permanent colour charts was made using the same weight of — 
yellow pigment and increasing weights of maroon pigment. These charts were stan- _ 
dardized by matching them with the colour produced by cheese to which known 
amounts of SH groups were added as cysteine-HCl. As maturing cheese had intrinsic 
values for SH groups, new cheese which gave no SH reaction was used for standardiz- 
ing the colour charts. A tendency of the new cheese to accelerate oxidation of the 
cysteine-HCl and thus cause too rapid fading of the colour, was overcome by adding 
just enough KCN solution to stop this tendency without reducing the cheese protein 


of values, the ranges extending as the values increased and as small differences became 
less discernible. The lowest range was 3-4 ppm. and the highest was 200-230 ppm. 
as cysteine-HCl. This covered the range found in commercial cheese. Experimental 
cheeses with higher values were recorded as ‘over 230 ppm.’. 

The standardized procedure for applying the test was to mix cheese and reagents — 
rapidly using a spatula and a glass slab; cheese (2g) and 3 drops (0:15 ml) of a | 
35 % (w/v) solution of sodium nitroprusside were rapidly mixed, then 3 drops (0:15 ml) 
of 35% ammonia were added with mixing and the colour of the mixture was immedi- 
ately matched with a colour chart to find the range for SH content as cysteine-HCl. 


RESULTS 


An exploratory series of examinations was done in the Dairy Division’s laboratory 
at Auckland. These showed little, if any, difference between tallowy and normal cheese 
in pH or titratable acidity of the cheese curd, or of protein decomposition to free 
amino groups. The principal change noted was that the fat from tallowy cheese | 
yielded high peroxide values, 4-7 m-equiv. O,/kg fat, while fat from normal cheese 


sufficiently to expose its own SH groups. Eight charts were made, each with arange © 
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gave values of 0-5-1-1; but the acid values of the fat were about the same. At 
Wallaceville many features were examined, but most of the differences found were 
obviously due to oxidation of the fat or protein constituents of the tallowy portion. 
Exceptions to this were the differences in copper and iron content of the normal and 
tallowy portions of the cheese. Compositional analyses showed that the cheese in 
tallowy seams was generally more moist and contained slightly less fat in the dry 
matter than nearby normal cheese. 


Table 1. Typical analyses of normal and tallowy portions of the same cheese from fourteen 
factories. Results as parts of metal per million of sample 


Copper Tron 
Factory Normal Tallowy Normal Tallowy 
Wa 0-58 0-19 1-90 2-30 
Ru 0-50 0-29 3-29 3-92 
Pe 0-38 0-14 3-09 5-29 
OD 0-51 0-36 1-67 3°75 
OD 0-29 0-13 2-06 3:42 
He 0-68 0-41 1-90 2-80 
Wu 1-31 0-78 2-35 5-90 
OD 0-53 0-16 1-35 1-90 
We 0-39 0-11 6-00 10-23 
We 0-65 0-25 7:17 7:87 
We 0-63 0-18 5:35 7:10 
Be 0-39 0-16 2-60 2°75 
Fn 0-29 0-21 2-60 6-90 
Tu 0-45 0-31 4-20 4:25 
El 0-50 0-25 1-30 2-00 
E2 0-40 0-15 2-60 3-20 
E3 0-48 0-18 1-55 2-00 


E4 0-48 0-25 5-90 12.60 
Average 0°52 0-25 3°16 4-90 


Distribution of copper and iron. In Table 1 are shown typical results obtained with 
discoloured cheese from fourteen different factories. The figures are the average of 
duplicate, with some averages of triplicate, determinations. The tallowy portions 
consistently showed higher iron and lower copper contents than the corresponding 
normal portions. This peculiar distribution of the trace metals suggested that eluci- 
dation of the reason for it might shed light on the basic cause of tallowy discoloration. 

Factory experiments. Milk as received from the farms had iron contents ranging 
from 0-4 to 1:3 ppm. and after division according to iron content yielded cheese with 
from 3-0 to 7:5 ppm. of iron. No difference was observed in the incidence of tallowy 
discoloration between cheese with the higher and lower iron contents within this 
range at the subsequent inspections after 8-9 months and 11-12 months. After the 
same periods there was only slightly more discoloration in the cheeses made from 
milk to which 1-0 and 2-0 ppm. of iron were added, as compared with cheese from 
control vats. After 8-9 months there was little difference in the extent of tallowy 
discoloration between controls and cheeses made from milks containing 0-10, 0-15, 
and 0-20 ppm. of added copper. Three months later, however, the defect was more 
extensive in the control cheese than in cheese made from milk containing 0-20 ppm. 
of added copper. These experiments were repeated and the same effect of added 


ts 
nt 
tic 
in 
ut, 
is. 
ut 
ps 
de 
on 
n, 
H 
se 
as 
th 
it, 
mn 
of 
n- 
m 
ic 
Z- 
1e 
1g 
in 
n. 
al 
| 
a 
1) 
i- 
1. 
e 


26 F. BisHop 


copper (0-20 ppm.) noted. Finally, a much larger proportion of copper (1-0 ppm.) 
was added to cheese milk. In the latter experiment only eight cheeses were kept for 
examination after 12 months; all the control cheeses were noticeably discoloured 
while the experimental cheeses were free from the defect but were poor in flavour, 
and lacked maturity. An effect of copper on the development of SH groups was noted 
during these factory experiments (Table 2). The addition of 1 ppm. of copper to milk 
resulted in cheese with less free SH groups when tested immediately after cutting. 
Cheese made from milk with the lower concentrations of added copper gave results 
within the same range as the controls on cutting the cheese, but it was noted that on 
keeping sample plugs in air the SH in the experimental cheese oxidized faster than 
that in the controls. 


Table 2. The effect of copper on the formation of free SH groups in cheese during factory 
experiments. The figures quoted summarize the results of many tests for SH content of 


mature cheese (8-12 months) of varying copper content made in the course of factory 
experiments 


ppm. copper SH groups (as ppm. 
r cysteine-HCl) in normal, 
Added Found Found mature cheese 


to milk in milk in cheese 
0 0-06 0-30 50-100 
0-10 0-16 0-90 50-100 
0-15 0-22 1-34 50-100 
0-20 0-27 1-70 50-100 
1-00 1-04 7-40 10-45 


Table 3. The effect of excess 5 % brine on the trace metal content of cheese curd.* Metals 
as ppm. of curd 
Trial 1 Trial 2 Trial 3 


* 


Fe Cu Fe Cu 


In the curd before treatment 3°45 1-76 2-78 0-27 3-25 
In the curd after treatment 1-43 2-00 2-03 2-23 1-03 2-40 
In the curd recovered from the a —_ — — 1-06 6-00 
brine 


The proportion (%) of the curd 39 29 15 
dissolved in brine 


* In Tables 3 and 4 ‘curd’ means cheese before pressing and includes the fat, protein and moisture. 


Brine extraction of cheese. The effect of brine on the trace metal content of cheese 
curd is shown in Table 3. These initial results indicated that the dairy salt used was 
contaminated with trace metals as the copper content of curd was increased. Filtra- 
tion of the brine as a 20% (w/v) solution followed by passage through a lactic casein 
column before dilution to 5% (w/v) for use, lowered the trace metal content from 
9-5 ppm. of iron, and 0-6 ppm. of copper to less than 0-05 ppm. iron and 0-04 ppm. 
copper (on the basis of dry salt). Using ‘metal free’ brine obtained in this way, the 
experiments were repeated, giving the results in Table 4. These results, all calculated 
on a 40% moisture basis, showed that the curd that dissolved in brine had a higher 
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iron content than the original curd, and that when less curd dissolved proportionately 
more iron dissolved. This indicated that the iron-containing material was more 
soluble than the remainder of the curd. The increased iron content of the curd 
could not have been derived from the residual iron in the purified brine although the 
increased copper content could. 


Table 4. The effect of excess 5% ‘metal free’ brine on the trace metal content of cheese 
curd. Metals as ppm. of curd calculated to a 40% moisture basis 


Trial 1 Trial 2 


Cu Fe Cu 


Curd before treatment 0-25 3-70 0-29 
Curd after treatment 0-23 3°40 0-26 
‘Curd’ recovered from brine 0-40 6-10 0-49 
Increase (%) in metal content of 69 
curd recovered from brine — 
Proportion (%) of curd 
dissolved in brine 
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20 30 40 50 60 
Days stored at 4°C 


Fig. 1. The rise and fall of fat peroxide values when experimental cheese was exposed to air at 
4°C. ©, cheese (control); @, cheese +6 % H,O; A, cheese +6 % H,O+0-1% cysteine-HCl; A, 
cheese+6% H,0+0-001% Fe; 0, cheese+6% H,O+0:1% cysteine-HCl+0-001% Fe; 
cheese + 6% H,0 +0-0002 % Mn. 


Laboratory maturing experiments. The progress of oxidation in cheese exposed to 
air and containing various additives was followed by determining peroxide values of 
the fat over a period (Fig. 1). After the highest values shown the peroxide values fell. 
This coincided with the start of mould growth and increased catalase activity 
(measured by hydrogen peroxide decomposition) which had increased in the six 
different experiments from 6 to 12 times that found at the beginning of the experi- 
ments. The highest peroxide value recorded was approximately the same as the 
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lowest found in tallowy commercial cheese but tallowy discoloration did not occur. 
However, the peroxide value of the fat is not strictly a measure of tallowy discoloration 
since the defect involves the breakdown of pre-formed peroxide via a specific pathway. 
In another set of experiments, new cheese with and without additives was matured 
for 6 months in an atmosphere of 100% nitrogen and then transferred to an atmos- 
phere of 5% oxygen and 95% nitrogen for 2 months. In this way the effects of 
naturally produced as well as of added SH groups were studied. Tallowy discolora- 
tion had not developed in any cheese after this storage period. The cheese stored at 
the lower temperature (4 °C) had the higher fat peroxide values and lower SH content, 
as shown in Table 5. The peroxide value of the fat fell during the maturing period in — 
nitrogen as the original value was 0-22 m-equiv. O,/kg fat. 


Table 5. Free SH content of cheese, and peroxide values of the fat when experimental | 
cheese was maturing under given conditions 


After storage in nitrogen for 6 months at 17°C 
After storage in nitrogen followed by 2 months in 5% oxygen at 
for 6 months at 
LTC 17°C 4°C 


Free SH Free SH valueas asppm. value as 
as ppm. Peroxide as ppm. m-equiv. cysteine- m-equiv. 
Experiment cysteine-HCl value  cysteine-HCl O,/kg fat HCl O,/kg fat 
Cheese (control) > 230 0 9-11 0-10 6-8 0-79 
Cheese + 6 % H,O > 230 0 6-8 0-01 0 2-12 
Cheese + 6% H,O+ > 230 0 18-22 0-11 0 0-23 
0-1 % cysteine-HCl 
Cheese + 6% H,O+ > 230 0 18-22 0-10 0 0-65 
0-1 % cystine 
Cheese + 6% H,O + > 230 0 12-16 0-10 0 2°15 
0-001 % Fe 
Cheese + 6% H,O + > 230 0 6-8 0-02 0 2-32 


0-0002 % Mn 


Table 6. Nitrogen: sulphur ratios of discoloured 12-month-old cheese 
after extraction with ethyl ether 


N/S ratios of 


Cheese no. Normal cheese Tallowy cheese 


1 19-1/1 16-6/1 
2 22-4/1 21-0/1 
3 20+1/1 19-5/1 


Chemical analyses of cheese. Various analyses of cheese were undertaken while the 
different experimental cheeses were maturing. New cheese showed no free SH groups 
by the nitroprusside reaction. As cheese matured amounts of 50 to 150 ppm. as 
cysteine-HCl were found. When the different portions of cheese with the tallowy 
defect were examined the normal portions contained 50-100 ppm. while the tallowy 
portions contained little or none. There was some evidence that the tallowy portions 
once had a similar free SH content since mild reduction of tallowy cheese with KCN 
resulted in a nitroprusside reaction just as intense as that of the normal portions. 
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Nitrogen :sulphur ratios of cheese were studied, and these indicated that the tallowy 
seams had more sulphur-containing components soluble at pH 4-4 and insoluble in 
ether than normal cheese (Table 6). It was found also that whereas ferrous iron was 
virtually absent in new cheese, it gradually appeared as the cheese matured. The in- 
crease in ferrous iron content varied greatly, some cheese showing very little even 
after a year (Table 7). The tallowy portions of cheese did not contain less than 
adjacent normal portions. 


Table 7. The ferrous iron content of maturing cheese 


Number of cheeses and ranges of 
values as ppm. of iron in cheese* 


Approximate 

Cheese age, days 0-0-2 0-3-0°6 0-7-1-2 1-3-1-8 
Normal 18 8 
Normal 70 1 2 = — 
Normal 270 1 — 2 2 
Normal 365 2 8 8 — 
Tallowy 365 — — 1 4 


* The figures within each column state the number of different 80-lb cheeses which yielded results 
within the range. 


DISCUSSION 


The first significant finding in this investigation was the peculiar distribution of 
iron and copper, and subsequent work was directed to explaining this distribution 
and finding the effect of these metals on the incidence of tallowy discoloration. Analy- 
sis of normal cheese in the vicinity of naturally occurring slits did not show the same 
peculiar metal distribution, but this could not be taken as proof that the peculiarity 
was causally related to tallowiness. Treatment of curd with brine showed the possibility 
of iron distribution in cheese being changed as a result of the salting operations. 
Factory experiments indicated that the iron content of the milk had only a small 
effect on the incidence of tallowy discoloration in the cheese, and under the conditions 
of the laboratory experiments iron did not increase the peroxide value of the fat. 
Treatment of cheese curd with brine did not change the distribution of copper as 
found in tallowy cheese. The addition of 0-2 and 1-0 ppm. of copper to cheese-milk 
rather unexpectedly decreased the incidence of tallowy discoloration in the cheese, 
but the flavour of the cheese with 7-4 ppm. of copper (from milk of 1 ppm. added) 
would not encourage the addition of copper to milk as a remedy for tallowiness. The 
copper content of commercial Cheddar cheese studied during the investigation 
ranged from 0-3 to 1-5 ppm. with an average of 0-57 ppm. and there was no evidence 
that within this range it affected the incidence of the tallowy fault. Experiments 
to show the effect of copper led to a study of free SH groups. Laboratory maturing 
experiments where the cheese protein was first chemically reduced so that the free 
SH content was higher than that found in commercial cheese, did not connect the 
SH content with increased fat oxidation (Table 5). Also, the direct addition of SH 
groups as cysteine-HCl did not increase fat oxidation under the conditions tried 
(Table 5 and Fig. 1). These experiments indicated that more fat oxidation occurred 
at 4°C than at 17 °C. The results from chemical analyses for free SH groups, for 
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nitrogen :sulphur ratios, and for ferrous iron suggested that during maturing the 
normal portions of 80-lb cheeses with the tallowy seams underwent just as much 
reduction as cheese without tallowy seams. 

The experiments with brine extraction of curd may possibly explain the iron distri- 
bution found. Van Slyke & Bosworth (1907) reported the rapidly changing solubility 
of cheese curd in warm 5% NaCl. As curd that had been dissolved in brine was found 
to contain more iron, a higher iron content may occur along certain curd boundaries 
when dissolved curd is deposited as a result of increasing acidity of the cheese soon 
after pressing. This curd would have a higher iron content than that recorded in 
Table 4 where 7-5°% of the curd dissolved, since in a cheese, the amount of brine 
enables only about 1 % of the cheese curd to dissolve. Also within cheese after salting 
the brine contains more whey proteins which the author’s experiments have shown 
to combine with much more iron than does the casein-calcium complex of new cheese. 
Rammell (1959) has shown that the addition of haemoglobin to cheese-milk accelerated 
the development of tallowiness in the cheese. Haemoglobin is a powerful catalyst 
but is unlikely to be present in amounts that could account for the increased iron 
content of tallowy seams. 

Brine treatment of curd gave no explanation of the surprisingly low copper content 
of the tallowy seams, sometimes one-third of that found in cheese made from milk 
having a minimum original copper content. A copper compound which on oxidation 
released its combined copper could possibly start copper migration. Stricks & 
Kolthoff (1950) demonstrated that cuprous cysteinate exists only in the presence of 
excess cysteine, and on oxidation forms cystine and releases copper into other com- 
binations. Copper added to cheese-milk did have an effect on the amount of free 
SH groups detected in the cheese (Table 2). 

Barnicoat (1937) found that the addition of 30 and 70 ppm. of copper to cheese 
completely prevented the natural formation of free SH groups and produced a dark 
discoloration. The largest amount of copper added to milk in the present investigation © 
yielded cheese with 7-4 ppm.; this did not stop the formation of free SH groups but — 
reduced the amount as compared with the control cheese (Table 2). The results did _ 
not explain the apparent connexion of the tallowy fault with free SH groups, or with 
iron and copper in the amounts found in commercial Cheddar cheese. There was 
evidence that a period elapses during which normal reducing conditions are found 
in maturing cheese before tallowy discoloration develops, and that fat peroxides | 
form much more readily at a low temperature. The latter effect may be explained by 
lower bacterial activity because at higher temperatures more oxygen is being used 
by microorganisms so that less is available to oxidize the fat. The low peroxide values 
(Table 5) when cheese was matured for 6 months in nitrogen support the generally 
accepted view that tallowy discoloration depends, among other things, on the entry 
of oxygen from the air. From the time of Hopkins (1925) workers have implicated 
SH groupsin the oxidation of unsaturated fatty acids. Wheeldon (1958) discussed a case 
of thiol-coupled oxidation of unsaturated acids where removal of ferrousions decreased 
the rate of oxidation by 70%. Wheeldon found also that added copper reduced the 
oxygen uptake. It is generally claimed that in these ‘thiol-induced’ oxidations, the 
SH groups act as the oxygen carrier and that a catalyst is necessary to accelerate the 
oxidation of the unsaturated fatty acids. The demonstrated effect of copper may be 
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to oxidize a catalyst that is active only in the reduced condition. Development of 
free SH groups may then help to keep such a catalyst active or to re-activate it. 


The author is grateful to Dr G. M. Moir for advice and encouragement, and thanks 
Mr J. N. Breen for skilled assistance with analysis. Thanks are due also to Messrs 


' D. N. McIntyre and A. Sellars who supervised the factory experiments. 
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Haematin compounds and tallowy discoloration 
in Cheddar cheese 


By C. G. RAMMELL 


Wallaceville Dairy Laboratory, Department of Agriculture, 
Wellington, New Zealand 


(Received 19 July 1960) 


Summary. Evidence linking a Cheddar cheese defect, known as ‘tallowy discolora- 
tion’, with a haematin-catalysed oxidation of the fat is presented. The defect has 
been produced experimentally by incorporating blood in the cheese-milk. The possi- 
bility that excessive amounts of blood in the cheese-milk may be a prime cause of 
tallowy discoloration is discussed. 


During recent years, the New Zealand dairy industry has been concerned with a 
defect known as ‘tallowy discoloration’ or ‘white streak’ in Cheddar cheese. The 
| defective cheese is characterized by white seams having a ‘tallowy’ flavour, in the 
interior of 80-lb ‘export’ cheese. The white seams extend to approximately equal 
distances on both sides of the cracks with which they are invariably associated (PI. 1). 


The characteristics of ‘tallowy discoloration’ suggested that a powerful fat- 
oxidizing system was operating. As this could be of bacterial origin, some preliminary 
work was undertaken to explore the general properties of the principal types of 
bacteria found in cheese. When these were found to have rather restricted fat- 
oxidizing activity, attention was directed to the more powerful haematin systems 
of blood. 


METHODS 


Bacteriological culture of cheese samples. Cheese (5 g) was emulsified in 45 ml of 
warm (35-37 °C) 1% (w/v) sodium citrate, using a sterile pestle and mortar. Dilu- 
tions were prepared in Ringer’s solution at 37 °C. Duplicate plates were prepared 
using 0-1 ml of the dilutions streaked on the surface of solid media, or 1 ml in poured 
plates. 

Duplicate 5 g samples of normal and tallowy portions were cultured from each 
cheese on tryptone skim-milk agar, and the plates incubated aerobically and anaero- 
bically at 30 °C for up to 12 days. 

Catalase production by bacteria. Bacterial cultures were tested for catalase pro- 
duction by flooding some of the original dilution plates with 5 ml of 3% (v/v) H,O,, 
and examining colonies for gas evolution under a low-power binocular microscope. 
This method eliminated doubtful reactions, besides giving a rough estimate of differ- 


ences in the intensity of reaction. 
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Detection of fat-oxidizing systems by a modified cup-plate assay (MCA). Fat-oxi- 
dizing systems in cheese were studied using an adaptation of the cup-plate assay 
method of Blain & Todd (1958). The procedure adopted was as follows. 

Mcllvaine’s buffer at pH 6-2 containing 1-5 Kobe agar (Hopkin & Williams) was 
tubed in 30 ml quantities and autoclaved at 10 lb/in? pressure for 10 min. Tubes of 
this agar, when solidified, were heated in boiling water for 15 min, and then allowed 
to cool down in air to 60 °C. To each tube of molten agar 5 ml of the following com- 
posite solution was then added, with gentle mixing: 

(a) 0:03 % (w/v) solution of synthetic B-carotene (L. Light and Co. Ltd.) in AR 
acetone, 50 ml; 

(b) 1% (w/v) solution of wheatgerm oil (Red Seal Laboratories, Auckland, N.Z.) 
in AR acetone, 6 ml; 

(c) 0°75 % (w/v) solution of Tween 80 in distilled water, 2-2 ml. 

When the agar had cooled to 41 °C, it was poured into Petri dishes containing disks. 
2mm thick, of the cheese cut with an 11 mm internal diameter cork borer. The plates 
were left at room temperature for 30 min, and then incubated in an inverted position 
at 0-1°C for up to 21 days. Usually the plates were examined every day. The pres- 
ence of a fat-oxidizing system was shown by the appearance of a clear bleached halo 
around the disks of cheese. To obtain comparable results it was necessary to adhere 
strictly to the same procedure on every occasion. Duplicate tests were always done 
to check for reproducibility. 

Manufacture of cheese from milk containing added blood. Preliminary laboratory 
experiments showed that on the addition of rennet to milk containing large amounts 
of added cow’s blood, the erythrocytes became concentrated within the coagulum 
that formed. The blood cells, being isotonic with the milk, were not haemolysed, 
neither did development of acidity following the addition of starter to the milk cause 
noticeable haemolysis. Cheese was therefore manufactured on a commercial scale 
from milk containing added blood, as follows. 

After flash pasteurization at 150°F, the bulked milk from sixteen farms was 
divided into two portions so that the control and the experimental vats each con- 
tained approximately 400 gal. Sterile, defibrinated cow’s blood, previously mixed 
with 3-4 gal of milk, was added to the milk in the experimental vat so that the final 
concentrations of added blood over a period of 5 days were 25, 50, 100, 125 and 
200 ppm., respectively. Mechanical agitation ensured good dispersion of the blood 
throughout the milk. Since no facilities were then available for measuring the amount 
of indigenous blood in the milk, the actual concentration in the two vats was 
unknown. 

After adding blood to the experimental vat, starter and rennet were added to both 
vats, and normal Cheddar cheese making proceeded with. Five or six 80-lb ‘export’ 
cheeses, and one 10-lb ‘loaf’ cheese were made from each vat of milk on each of the 
5 days. The cheeses were not waxed. 

After 2 weeks’ storage in the factory curing room at about 55°F, the 80-lb cheeses 
were crated and stored in a cool store at 42-44 °F as is the normal New Zealand 
procedure. The 10-lb cheeses were stored in the factory curing room for the duration 
of the experiment. Piugs from the 10-lb cheeses were examined at intervals by the 
MCA and other methods described later. 
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The 80-lb cheeses were cut and examined for evidence of tallowy discoloration after 
114, 16, 21, 32 and 48 weeks of storage. Once a cheese was cut and examined, it was 
difficult to store, and so was discarded. 


RESULTS 

Total bacterial counts. There was a tendency for both the aerobic and the anaerobic 
total counts to be lower from the tallowy portions of cheese, but too few results were 
available for statistical analysis. No attempts were made to identify the bacterial 
types present. 

Catalase production by isolated bacteria. The results obtained with three cheeses. 
showing tallowy discoloration are given in Table 1. Generally, stronger reactions 
were obtained with plates incubated aerobically than with those incubated anaero- 
bically. 


Table 1. Catalase production by bacterial strains isolated from mature 
Cheddar cheese showing tallowy discoloration 


No. of colonies on 10-5 dilution plates 


Normal portions Tallowy portions 
Catalase Catalase 
Cheese no. Total positive Total positive 
Aerobic culture on tryptone skim-milk agar 
1(a) 266 81 85 51 
(b) 190 44 110 80 
2(a) 108 11 71 24 
(b) 156 44 45 1l 
3(a) 201 143 15* 10* 
(b) 34* 8* 49* 48* 
Anaerobic culture on tryptone skim-milk agar 
1(a) 356 70 96 45 
(b) 250 34 180 69 
3(a) 146 37 130 42 
(b) 202 41 113 71 


(a) and (b) duplicate 5 g samples of cheese. 
* 10-6 dilution plates. 


Fat-oxidizing systems in commercial cheese. Various adaptations of the method of 
Blain & Todd (1958) were tried in attempting to detect the presence of a fat-oxidizing 
system in defective cheese. Early results were erratic, but later results indicated that 
cheese showing tallowy discoloration contained varying amounts of a diffusible, fat- 
oxidizing system, active in the presence, but not the absence of oxygen. The system 
was more active in normal portions than in tallowy portions of any one cheese. 

Comparison of the peroxidase activities of suspensions of normal and tallowy por- 
tions of cheese yielded similar, though more variable, results. Tallowy portions usually 
contained negligible amounts of peroxidase compared with the amounts in normal 
portions of the same cheese. 

The presence of an antioxidant system, able to retard but not prevent autoxida- 
tion and haematin-catalysed fat-oxidation, was indicated in some of the trials. This 
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was shown by plates in which the background carotene colour was fading rapidly 
(autoxidation), when a stage was reached in which the cheese plugs were surrounded 
by an inner, bleached halo and an outer, partially bleached halo, set in a paler, 
‘completely’ bleached background. Marked flattening of bleached zones around cups 
of haemolysed blood also occurred where they approached cheese plugs set in the 
same agar. 

Stability of haemoglobin in experimental cheese. The MCA method was able to detect 
the presence of haemoglobin in all the experimental cheeses. With the highest con- 
centration of added blood (200 ppm. in the milk) bleached zones began to form 
around the cheese after 20-24 h (Pl. 1). Bleached zones began to form around the 
cheeses containing the lowest concentration of added blood (25 ppm. in the milk) after 
6-8 days. Zones did not develop around the control cheese until after 13-15 days. 

All bleached zones slowly increased in size after longer incubation, but accurate 
measurement of their diameter was not possible owing to eccentricity of the zones. 
There was, however, an approximate relationship between the amount of blood 
added to the cheese milk, and the time of first appearance, and size of the zones. 

During the first 6 months of storage, nine sample plugs from each 10-lb cheese were 
examined by the MCA method. The size, and time of first appearance of the zones 
were approximately constant at each sampling, indicating that no significant change 
in the fat-oxidizing activity of the added haemoglobin had occurred over this period. 

Owing to the bad condition of the extensively plugged 10-lb cheeses after this time, 
no more samples could be obtained from them. Instead, sample plugs were taken 
from the 80-lb cheeses when 11 months old. The results obtained at this final examina- 
tion indicated that the added haemoglobin was slightly less active. The zones took 
several days longer to form around the experimental cheeses, and they were less 


clearly defined. This resulted in there being little difference between the results — 


obtained with the cheese containing the lowest concentration of added blood and its 
control. The experimental and control cheese from each of the other 4 days’ make 
could still be distinguished. 

Effect of oxygen on experimental cheese. It seemed probable that tallowy discolora- 
tion would occur even at low temperature in young cheese containing appreciable 
amounts of active haemoglobin if it were stored in the presence of air. Previous 
experience had shown that plugs of cheese could be stored aerobically at 0-1 °C for 
3-4 weeks without extensive surface mould growth occurring. From the 6-week-old 
control and experimental ‘loaf’ cheese, therefore, ten plugs, a pair for each of the 
5 days’ make, were placed in ten bottles loosely stoppered with rubber bungs and 
stored at 0-1°C for 28 days. 

After this time, all five plugs of control cheese were of normal flavour and colour. 
The three experimental cheeses containing the lowest concentrations of added blood 
(25-100 ppm. in the milk) were also of normal flavour, and their colour was only 
slightly abnormal owing to the colour of the added blood. The plug of cheese made 
from milk containing 125 ppn. added blood had a slightly foreign ‘chemical’ flavour, 
but was not tallowy or noticeably bleached. The plug of cheese made from milk con- 
taining 200 ppm. added blood was bleached almost completely throughout its body, 
and had a marked tallowy flavour. Duplicate plugs of experimental cheese incubated 
in an atmosphere of hydrogen at 0-1 °C for 28 days did not bleach or develop 
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‘chemical’ or tallowy flavours. Similar results to these were obtained later when the 
cheeses were 16 weeks old. The plugs of experimental cheese incubated anaerobically 
gave strong, positive reactions for sulphydryl groups (Bishop, 1959, 1961), whereas 
duplicate cheese that had developed chemical or tallowy flavours aerobically gave a 
negative sulphydryl reaction. Incubation of the plugs of tallowy cheese for a further 
28 days, but anaerobically, resulted in only a slight development of sulphydryl 
groups. 

Although the haemoglobin in normal portions of experimental cheese, even after 
11 months’ storage, had retained much of its activity, the loss of activity in tallowy 
portions was appreciable. This inactivation was most marked in the cheese con- 
taining most blood, where excellent correlation of the inactivation with the tallowy 
seams was demonstrated by the MCA method (PI. 1). Similar results were obtained 
with cheese containing less added blood, and also with tallowy portions from cheese 
containing no added blood, though the zone of inactivation was not always so clearly 
defined in these cheese. 

Occurrence of tallowy discoloration in experimental and control 80-lb cheeses. Tallowy 
discoloration was not seen in any of the ten control cheeses cut during the first 
21 weeks of storage. Seven of the twelve experimental cheeses examined during the 
same period showed tallowy discoloration. The discoloration was not very extensive, 
but appeared to be related generally to the amount of blood added to the cheese- 
milk. However, the nature of other factors which influence the defect may make 
doubtful any quantitative comparison between the extent of discoloration in different 
cheeses. 

By the time the cheese had been stored for 32 weeks and longer, tallowy discolora- 
tion was evident to varying extents in nearly all the remaining experimental and 
control cheeses. Except for the slightly abnormal blood colour, the defect in the 
experimental cheese was similar organoleptically to that occurring in cheese made 
commercially. In cheese containing the higher concentrations of blood, however, an 
apparently early stage of tallowy discoloration was seen, where seams had a greenish 
tint, but normal flavour. Other seams had progressed a stage further, being ‘white’ 
in the centre and greenish towards the outer edges. Ether extraction confirmed that 
the carotene was not appreciably bleached in these greenish seams, so the discolora- 
tion was presumably due to changes in the haemoglobin, perhaps similar to oxidative 
changes of haemoproteins described by Naughton, Zeitlin & Frodyma (1958) in the 
greening of Tuna fish. 

Although the green-tinted seams did not have the typical oxidized flavour, the 
sulphydryl groups as judged by the nitroprusside test had disappeared, indicating 
that oxidation was proceeding. When cut cheeses showing these seams were exposed 
to the air for a few weeks, some of the greenish seams developed true tallowy dis- 
coloration. 

Analyses for copper and iron of material from two greenish seams and adjacent 
normal cheese showed that while no significant difference could be detected in the 
distribution of copper, the iron was 45 and 55% higher in the two discoloured por- 
tions examined. In contrast, similar analyses on true tallowy seams in the experi- 
mental cheese yielded typical differences in both iron and copper content, similar to 
those found in commercial cheese (Bishop, 1959, 1961). These results support 
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Bishop’s contention that copper moves out from the tallowy areas during or after the 
oxidation. Presumably, the iron is either originally higher in these areas, or else 
moves in very rapidly at an early stage. 


DISCUSSION 


The basic characteristics of tallowy discoloration appear to be that oxidation of 
the fat and carotene occurs in the interior of cheese where there is normally a low 
oxidation-reduction potential (Davis, 1932); that the defect does not occur if 
atmospheric oxygen is excluded (Dairy Research Institute (N.Z.) 1955-56); and that 
the oxidation is able to take place at low temperatures. As Cheddar cheese is usually 
comparatively stable to atmospheric oxidation even at room temperatures, the pre- 
sence within the cheese of a catalytic system with a low activation energy and high 
oxidation-reduction potential seems to be indicated. These characteristics are satis- 
fied by some of the haematin systems. 

Tappel (1953) and later workers have clearly shown that haematin systems can 
catalyse the coupled oxidation of unsaturated fats and carotene at low temperatures. 
Their activity varies considerably, haemoglobin and possibly catalase being the most 
active (Maier & Tappel, 1959). Usually, the haematin systems function aerobically 
only, though they may catalyse the decomposition of pre-formed hydroperoxide 
anaerobically (Maier & Tappel, 1959). Haematin-catalysed fat oxidation is a chain 
reaction involving free radicals and requiring the presence of peroxide, the concentra- 
tion of which is not critical providing a small amount is present. The concentration 
of catalyst becomes critical under laboratory conditions only at very low levels 
(10-§ m), when long induction periods begin to occur (Maier & Tappel, 1959). 

The direct demonstration by the MCA method of a fat-oxidizing system in cheese 
supports the theory that a haematin system is present throughout the cheese. It had 
already been shown in this laboratory by aerobic incubation of normal cheese at low 
temperatures for long periods that any such system must be distributed throughout 
the cheese rather than restricted to the discoloured areas. It was later shown that 
the system became considerably inactivated in the discoloured seams, being paralleled 
by similar inactivation of haemoglobin in the experimental cheese. Haematin com- 
pounds are known to lose their activity during their catalysis of fatty acid oxidation 
(Tappel, & Zailkin, 1959). The loss of sulphydryl compounds in discoloured cheese is 
also consistent with a haematin-catalysed reaction. 

Bacteriological examination of discoloured commercial cheese yielded interesting 
results; a surprisingly high porportion of the bacterial strains isolated produced 
catalase both aerobically and anaerobically. The difference between the proportion 
of catalase producers found in normal and tallowy portions, if significant, may be 
interpreted as being a result of the protective action of catalase against peroxide 
formed during oxidation of the fat. There would thus be a selective destruction of 
some of the non-catalase producers. Tappel & Zailkin (1959) have shown that the 
free radicals produced during lipid peroxidation have a damaging effect on some 
enzymes. Most of the other differences which have been noted in the bacterial flora 
of normal and tallowy portions are also probably the result, rather than the cause 
of the defect. 
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Although milk peroxidase and the haematin systems produced by bacteria may 
contribute to the oxidation of cheese fat, their role is probably not very significant. 
Recent work in this laboratory has shown that milk received at the cheese factory 
may contain considerable amounts of blood, the presence of which is unsuspected 
unless enough is present to colour the milk. Owing to the retention of erythrocytes 
within the cheese clot, the activity of any haemoglobin originally present in the milk 
is increased five to tenfold. Their concentration is further modified during salting and 
pressing of the milled curd, when a proportion of the cells are haemolysed. Within 
limits, the higher the amount of added salt, the greater should be the proportion of 
haemoglobin released into the whey. The presence of haemoglobin in the whey after 
salting has been detected even when making normal cheese (unpublished results). 
If blood naturally present in the milk were a prime cause of tallowy discoloration , 
then increased salt concentrations should reduce the defect. This agrees with some 
unpublished observations made by personnel of the Dairy Division of the N.Z. 
Department of Agriculture and the Dairy Research Institute (N.Z.). The beneficial 
effect of increased salt concentrations may, however, be largely associated with its 
influence on the moisture content of the cheese. 

Milk used in New Zealand for cheese manufacture is usually flash pasteurized at 
150 °F. Work here has shown that this treatment does not noticeably rupture the 
erythrocytes or reduce the peroxidase activity of the haemoglobin. The haemoglobin 
also remains active for long periods under the anaerobic conditions existing in 
Cheddar cheese. 

As yet, it has not been possible to perform the crucial experiment of making cheese 
from milk containing no blood, and from similar milk containing added blood. While 
milk free from blood may be obtained from a single cow, it has so far proved impractic- 
able to obtain sufficient quantities for full scale manufacture of cheese. Neither has 
the complete removal of blood cells from milk been accomplished on a suitable scale. 
For this reason, the occurrence of tallowy discoloration in the control cheese con- 
taining no added blood was expected, since it contained some indigenous blood. The 
significant finding was that cheese containing added blood developed the defect at a 
much earlier age. A limiting factor in cheese containing the higher amounts of added 
blood was probably the ingress of air, rather than the haemoglobin concentration. 

The amount of haemoglobin or other haematin compounds in the cheese will not, 
of course, be the only factor determining the extent of tallowy discoloration. For the 
haematin systems to be effective, oxygen must be present. Although the presence of 
haemoglobin might possibly assist in carrying oxygen within the cheese, the ingress 
of oxygen will largely depend on the body and texture of the cheese, the rind, storage 
conditions, and other related factors. The moisture and salt content of the cheese will 
also probably have a direct influence on the rate of reaction. A further factor is the 
activity of natural antioxidants originally present in the milk, and those produced by 
bacterial action in the maturing cheese. Thiol compounds, for example, are reported 
to be substrates for the peroxidase—hydrogen peroxide system (Randall, 1946), and 
may therefore act, by competitive inhibition, as antioxidants in the prevention of 
peroxide formation in fats. This supports the finding in this laboratory that sulphy- 
dryl groups delay rather than prevent haematin-catalysed oxidation of fat. The 
results of Bishop (1959, 1961) indicate that the sulphydryl groups in cheese must 
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first be oxidized before fat oxidation can proceed. Prior to the ingress of atmospheric 
oxygen, the sulphydryl groups would be effective reductants for the re-conversion of 
any haemiglobin to haemoglobin (Lemberg & Legge, 1949), and this probably 
accounts for the stability of haemoglobin in cheese. Thus, any systems that can only © 
oxidize haemoglobin to the haemiglobin stage will be largely ineffective as anti- | 
oxidants as long as sufficient sulphydryl groups are present to reduce the haemi- 
globin again. The effectiveness of excessive copper in preventing tallowy discolora- 
tion (Bishop, 1961) can, however, be explained by the ability of bivalent copper to | 
convert haemoglobin to haemiglobin (Lemberg & Legge, 1949). Because of the marked — 
reduction in the sulphydryl content of the cheese containing added copper and the | 
rapid oxidation of the sulphydryl groups on exposure to air, the haemiglobin would © 
probably not be reconverted to haemoglobin. In contrast, ascorbic acid could act as — 
an antioxidant by the irreversible coupled-oxidation of haemoglobin to choleglobin 
(Lemberg & Legge, 1949), and would then be expected to prevent or retard develop- — 
ment of tallowy discoloration. The Dairy Research Institute (N.Z.) (1958-59) has © 
been able to retard the development of tallowy discoloration by the addition of ; 
ascorbic acid to cheese-milk. Similarly, the effectiveness of treatment of the cheese- — 
milk with hydrogen peroxide in preventing tallowy discoloration is explained by the _ 
irreversible destruction of haemoglobin by this compound (Lemberg & Legge, 1949). | 
Undoubtedly, there is a delicate balance of oxidizing and reducing systems in the | 
cheese, and the effect of the entry of atmospheric oxygen on this balance will decide | 
whether tallowy discoloration is initiated. ' 
Many factors, then, can influence the onset and extent of tallowy discoloration, but : 
the results reported in this paper suggest that a main contributing factor may be the — 
haematin systems in cheese. Of the haematin systems, those contributed by any — 
blood present in the cheese-milk are probably the most important. Such an interpre- 
tation accords with the known facts of tallowy discoloration. 


Photographs were taken by Mr A. Bryant. Cheese dilutions for bacteriological — 
culture were prepared in collaboration with Miss Jocelyn M. Rix, using methods 
designed by her. Mr A. Sellars, Dairy Instructor, supervised the manufacture of © 
experimental cheese at Waihakeke Dairy Factory, whose directors and staff are 
thanked for the facilities provided. The assistance of Miss Shiela Stuart, and the © 
constant encouragement and advice of Dr G. M. Moir, Dairy Chemist, in much of this © 
work are gratefully acknowledged. 3 
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EXPLANATION OF PLATE 1 


Upper. Detection of fat-oxidizing syste.as in cheese embedded in agar, by adapted cup-plate assay 
method. 

A. Plug of experimental cheese, made from milk containing 200 ppm. added blood, and plug of control 
cheese, after 48 hours’ incubation at 0-1 °C. Bleached halo around experimental cheese, but not around 
control. 

B. Rectangular piece of 11-month-old experimental cheese made from milk containing 200 ppm. 
added blood, after 12 days’ incubation at 0-1 °C. Presence of active haemoglobinshown by bleached 
zone around cheese and bleaching of carotene in agar lying over the top of the cheese. Inactivation of 
haemoglobin, correlating with position of tallowy seam X Y—WZ, shown by break in zone at WX and 
YZ, and non-bleaching of carotene in agar lying over cheese in area WX YZ. 


Lower. Cross-section of 80-Ib Cheddar cheese showing extensive bleached areas of tallowy discoloration. 
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Dye-binding methods for estimation of protein in milk 


By R. M. DOLBY 
The Dairy Research Institute (N.Z.), Palmerston North, New Zealand 


(Received 4 October 1960) 


Summary. The amido black and orange G methods for protein estimation in milk 
were investigated. The quantity of dye required for complete precipitation of a given 
quantity of milk protein was determined. 

Dye samples of various degrees of purity all gave a linear relation between protein 
and dye precipitation, as determined by optical density, but with the less pure 
samples slightly less dye was bound per unit weight of protein. 

Amido black, though reacting with protein in the same molar ratio as orange G, 
gave a much more sensitive optical indication of protein content. 

In milks of individual cows there was a relatively constant relationship between 
dye values and Kjeldahl protein from 3 to 4 days after calving until 3 to 4 weeks 
before the end of lactation. Late lactation milks gave about 5% higher dye values 
than did normal milks of the same protein content. 

The relation of dye precipitation to Kjeldahl nitrogen was the same for casein as 
for total nitrogen in normal milks. 


Polar groups in proteins can bind dyes of the opposite charge; the insoluble 
protein-dye complex formed is precipitated. Investigation of this reaction by 
Fraenkel-Conrat & Cooper (1944) showed that in a buffer at pH 2-2 the acid dye 
orange G combined stoicheiometrically with basic groups of proteins. The milk 
proteins, casein and f-lactoglobulin, bound respectively 0-34 and 0-58 millimoles of 
dye per gram of protein. 

The different fractions of casein were found by McRae & Baker (1958) to have dye- 
binding capacities in the ratio 1:0-63:0-26 for «, 8 and y casein, respectively. 

Ashworth & Seals (1958) reported that whey proteins gave higher binding values 
than casein while the dialysable nitrogen fraction bound no dye. 

Although under given conditions the dye binding of any one protein is quantita- 
tive, proteins vary so much in this property that any change in the proportions of 
proteins in a natural product may considerably alter the amount of dye taken up 
per gram of protein. It does appear, however, that for a number of substances, 
e.g. cereals, blood, and milk, the dye-binding capacity of the proteins is sufficiently 
constant for the quantity of dye precipitated to give a reasonably accurate indication 
of the protein content. Methods based on this principle for estimation of protein in 
milk have been developed independently in the U.S.A. and in Europe. 

In the U.S.A., Udy (1956a) using orange G found that, compared with Kjeldahl 
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values, the standard error of estimate of the dye method was +0-07% protein for 
whole milk and + 0-42 °% for dried milk. 

The orange G method was further developed by Ashworth & Seals (1958); Ash- 
worth, Seals & Erb (1960) and Treece, Gilmore & Fechheimer (1958, 1959). The latter 
workers reported a standard error of estimate of 0-05% protein for the orange G 
against the Kjeldahl method on 104 samples of milk of individual cows. They stated 
that, disregarding non-protein nitrogen, the dye method was as accurate as the 
Kjeldahl method and took less than one-fourth the time. 

In Europe, the reaction of the dye amido black 10B with proteins was investigated 
by Schober & Hetzel (1956) who showed that dye binding increased in a linear manner 
as pH was reduced from 3-5 to 1-9, that it varied only slightly with temperature 
between 0 and 40 °C, and that it was unaffected by addition of lactic acid, lactose, 
phosphate, citrate or sodium chloride. Calcium chloride, however, increased dye 
binding. 

Steinsholt (1957a, b) using a method based on the above work, determined protein 
in sixty-two fresh herd milk samples and sixty-four samples preserved with mercuric 
chloride. The confidence intervals (0-95 level) for the dye estimation as compared 
with Kjeldahl protein were + 0-12 for fresh samples and + 0-09 for preserved samples. 
Corresponding confidence intervals for formol titration (by automatic titrator) and 
for protein calculated from fat content were +0:21 and +0-37, respectively. Ex- 
pressed as standard errors of estimate, the errors would be approximately half the 
above values. 

Raadsveld (1957) confirmed Steinsholt’s findings and (1958) introduced modifica- | 
tions to make the method more rapid. It has since been applied in a laboratory to 
analyse 5000 samples per day (Mann, 1959). 

A detailed account of the amido black method for protein estimation has been 
given by Hadland & Johnsen as applied to milk (1959a) and to cheese and other milk 
products (1959b). These workers found that the weight in mg of dye bound per 
100 mg of protein varied from 325 for whole milk to 300 for cheese whey and 220 for 
ripe cheese. 


PRACTICAL DETAILS OF METHODS 


Amido black, 0-6165 g (1 millimole) or orange G, 1 g (2-2 millimoles) is dissolved 
in 1]. of buffer solution at some specified pH between 2-0 and 2-8. To 20 ml of the 
dye solution is added a quantity of the milk sample, e.g. for orange G 1-5 ml and for 
amido black 0-5 ml (Raadsveld, 1958), 1 ml (Hadland & Johnsen, 1959a), or 10 ml © 
of diluted milk containing 0-75 ml milk (Steinsholt, 1957a). The milk and dye 
solution are mixed by shaking, allowed to stand for a few minutes and then centri- 
fuged. 

The optical density of the solution of unbound dye is determined in a photo-electric 
colorimeter at the appropriate wavelength. The solution may be poured without 
dilution into a flow-through cell of about 1 mm light path (Udy, 19566; Ashworth & 
Seals, 1958; Ashworth, ef al. 1960; Raadsveld, 1958) or may be diluted and placed in 
a normal rectangular or test-tube type of cell (Steinsholt, 1957a; Hadland & Johnsen, 
1959a). A calibration curve is prepared by plotting density of unbound dye against 
Kjeldahl protein content for a number of samples. 
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Estimation of protein by dye binding 
Properties of dyes. The formulae of the two dyes concerned are as follows: 


N=N— 
H 


HN Na0,S 


NaO,S SO,Na NaO;' 
Amido black 10 B, mol.wt. 616-5 Orange G, mol.wt. 452 


Amido black is also sold under the alternative names of naphthol blue-black, naph- 
thylamine black and naphthalene black. 

Purity of dye samples. Some investigators appear to have overlooked the fact that 
the dyes available may have a purity well below 100%. European workers, however, 
have used Merck’s ‘amido black for electrophoresis’, the dye content of which is 
stated by Hadland & Johnsen (1959a) to vary with batch from 95 to 97%. Ashworth 
et al. (1960) have specified the use of a certified orange G dye which should assay at 
least 95%. 

Standardization of dye solutions. As already mentioned, most investigators have 
plotted optical density of unbound dye against protein content. This method requires 
that the dye solutions shall be accurately standardized so that the optical density for 
zero protein addition shall be constant. Preparation of such standard solutions is 
difficult unless the exact dye content of each batch of dye is known. 

To overcome this difficulty, Hadland & Johnsen (1959a) made up their dye solu- 
tions to a constant optical density and also adjusted their spectrophotometer to read 
100% transmission with water and 0% with a 1:40 dilution of the standard dye. 
Ashworth, et al. (1960), as well as specifying a dye of certified assay, adjusted their 
instrument to read a density of 0-500 on a 1:2 dilution of the dye solution. 

Choice of pH of the buffered dye solution. Fraenkel-Conrat & Cooper (1944) selected 
a pH of 2-2 because at this pH complete dissociation of basic groups is approached, 
while a more strongly acid solution could cause protein breakdown. 

Schober & Hetzel (1956), using dye solutions buffered to various pH values within 
the range 3-5-1-9, obtained parallel curves when optical density of unbound dye was 
plotted against quantity of protein added. These workers recommended a pH of 2:8. 
Steinsholt (1957a) and later European workers have preferred to use a buffer at 
pH 2:35. Udy: (1956a) used a pH of 2-2. Citrate-phosphate buffers were used in all 
the above investigations. 

Ashworth & Seals (1958) employed citric acid alone, to give a pH of 2-0. Since the 
work of Schober & Hetzel (1956) indicated high dye binding and absence of acid 
hydrolysis of protein at this pH, it appears a logical choice. 

Mixing of dye and sample. A thorough mixing of dye and sample is required. 
Mechanical shaking or tumbling of the mixture for 5 or 10 min was found by Treece, 
Gilmore & Fechheimer (1958) to improve agreement of duplicates. A minimum con- 
tact time of 10 min was recommended by Steinsholt (1957a). According to Ashworth, 
et al. (1960) the mixture can be left for 14 days without deterioration. It should be 
noted that these workers employed an orange G solution preserved with thymol. 

With solid samples such as casein the product should be finely ground (to say 
100 mesh) and shaken with the dye for 12-16 h (Fraenkel-Conrat & Cooper, 1944). 
Hadland & Johnsen (19596) have, however, been able to obtain complete reaction 
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between dye and protein in dairy products such as cheese and casein by treating the The 
mixture for 1-2 min in a high speed micro-blender (Polytron dispersing apparatus, ) produ 
Switzerland). Abs 

Removal of precipitate. Centrifuging for 5 min at a speed of 2500-3000 rev/min § curve’ 
has been generally recommended. tion \ 

The precipitate may be removed by filtration instead of centrifugation, but a blank § (cf. © 
should be run to correct for dye adsorption by the filter paper (Ashworth & Seals 
1958). | Table 

Deviations from Beer’s Law. According to Steinsholt (19576), Beer’s Law is followed 
in amido black solutions only at concentrations below 6-2 mg/l. He therefore diluted 
the dye solution 1:40 with water before measuring the transmission. 

Ashworth et al. (1960) have found that orange G solutions show deviations at con- 
centrations above 0-5 g/l. As their technique involved measurement of the absorption At 
by undiluted solutions, they recommended that the readings be corrected from a 
curve constructed for the purpose. 

The present work was planned to compare the orange G and amido black methods * 
and to obtain an indication of their accuracy for estimation of protein in the milk of 
individual cows at different stages of lactation. An investigation was also made of the 
accuracy obtainable with laboratory grade instead of certified dyes and of the maxi- 
mum amount of protein which could be precipitated by a given quantity of dye. Br: 

of thi 
samp 
EXPERIMENTAL 
figure 
Preliminary method calew. 

As it was desired to attain accuracy rather than rapidity or ability to handle large per g 
numbers of samples, the method of Steinsholt (1957a, 6) was taken as a working §) (A) i 
basis. obtai 

The dye solutions were, however, made up in a citric-acid buffer at pH 2-0 instead An 
of in a citrate-phosphate buffer at pH 2-35. Small variations in quantity of milk F 1:0 c 
added were found to have a negligible effect on the pH of the mixed solution. value 

To permit the use of 15 ml centrifuge tubes, the quantities were reduced to 10 ml § tions 
of dye solution and 5 ml of diluted milk. The tubes were closed with rubber caps and De 
mixed by repeated inversion. Shaking, particularly at the beginning of the mixing, have 
was found to cause some of the insoluble matter to float, presumably by incorpora- ) Conr: 
tion of air in the precipitate. After standing, the tubes were spun in a bucket-type —) conc 
centrifuge for 5 min at 2500 rev/min. An angle centrifuge was found unsuitable as | of 10 
precipitate collected on the side of the tube from which it was readily dislodged and } quan 
resuspended. dilut 

The optical density of a diluted portion of the supernatant liquid was determined ) undil 
in a Beckman model DU spectrophotometer using cells of 1 cm light path. caleu 

in Fi 
Studies on dye samples W 

Investigations were made of three samples of amido black and two of orange G. ei 

The amido black samples comprised the Merck ‘for electrophoresis’ product (A), —) °n¢ 
one other European product (B) and one British sample (C), the latter sold as Pres 


naphthalene black 10B. 
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The orange G samples consisted of British Drug Houses standard stain (A) and a 
product of another British firm (B). 

Absorption curves. The different samples of each dye all showed similar absorption 
curves with the maxima at the same wavelengths. For amido black the peak absorp- 
tion was at 615 my (cf. Steinsholt 19576, 612-5 mu) and for orange G at 485 mu 
(cf. Conn 1946, 485 my). Ashworth et al. (1960) have specified 475 muy. 


Table 1. Optical density of solutions of amido black and orange G (1 cm light path), and 


wed calculated dye contents of samples 
ited Dye Approx. 
Optical density of solutions containing content dye 
A relative content 
con- Sample 10 mg/l. 20 mg/l. 30 mg/l. 60 mg/l. to (A) % 
tion Amido black (A) 0-75 1-40 2-10 ~ 1 96* 
mM a (B) 0-63 1-25 1-83 - 0-83 80 
(C) 0-45 0-90 1-35 ~ 0-60 58 
ods Orange G = (A) 0-35 0-71 1-07 2-13 1 72 
(B) 0-28 0-55 0-83 1-65 0-77 55 


* Hadland & Johnsen (1959a) 


Optical density of dye solutions. The optical density data at various concentrations 
of the samples (Table 1) indicated considerable differences in dye content of the 
samples. The dye content was not determined directly, but by using the average 
figure of 96% for amido black (A) the dye contents of samples (B) and (C) were 
calculated from the optical density data. A comparison of the weights of dye bound 
per gram of protein (from data presented below) for amido black (A) and orange G 
(A) indicated a dye content of 72% for the latter sample. The same figure was 
obtained using data on dye binding for pure orange G (Ashworth et al. 1960). 

Amido black solutions were found to obey Beer’s Law up to an optical density of 
1-0 corresponding to a concentration of sample A of 13 mg/I., a higher limit than the 
value of 6-2 mg/l. found by Steinsholt (19576). Orange G solutions showed no devia- 
tions in the range of concentrations investigated. 

Determinations of quantity of dye required to precipitate protein. It is necessary to 
have an excess of dye present to ensure complete precipitation of proteins (Fraenkel- 
Conrat & Cooper, 1944). To investigate this point, buffered solutions of three different 
concentrations each of amido black (A) and orange G (A) were prepared. To a number 
of 10 ml portions of each were added 5 ml volumes of diluted milk containing various 
quantities of the same whole milk. After centrifuging, 3 ml of supernatant liquid were 
diluted to 100 ml and the optical density (D,) measured. The optical density of the 
undiluted supernatant liquid was then calculated. Weights of protein added were 
calculated from Kjeldahl protein on the milk sample. The results have been plotted 
in Fig. 1A and B. 

With each dye, parallel lines were obtained with all three concentrations but the 
curves for the lowest concentrations diverged from the linear form at high protein 
concentrations. Evidently at those levels there was an insufficient excess of dye 
present for complete precipitation of the protein. 

For amido black the minimum dye concentration for complete precipitation was 
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about 130 mg/l. (0-00020 m) and the maximum quantity of protein which could be 
precipitated by 10 ml of a 0-6165 g/l. solution was 12 mg. 

For orange G the minimum concentration for complete protein precipitation was 
about 135 mg/l. of sample A or approximately 0-1 g/l. (0-00021 m) of pure orange G 
(cf. Udy, 1956a, who put it at 0-5 g/l.). 

Dye-binding values of different samples. Samples A and C of amido black were 
compared by the above method using solutions of the same dye content for both 
samples. Sample C gave a straight line for density against protein but the line had a 


Optical density, D, x dilution factor 


2 05 

oF 

5 

D 
5 10 15 5 10 15 
mg protein to 10 ml. dye mg protein to 10 ml. dye 

soln. amido black soln. orange G 


Fig. 1. Binding of amido black and orange G by milk protein. A and B. Relation of optical 
density of residual dye to quantity of protein added to dye solution. C and D. Decrease in 
optical density of dye resulting from precipitation of dye by protein. 


slope slightly less than that for sample A. The results indicated that the weight of dye 
bound per gram of protein was 6 % less for sample C than for sample A. Possibly in 
sample C impurities with a low absorption at 615 my had combined with some of the 
basic groups of the protein. 

Method of expressing results. Instead of using concentration of unbound dye to 
estimate protein, as done by other workers, it seemed preferable to measure the 
bound dye, i.e. to subtract the density reading for unbound dye (D,,) from that for a 
blank (D,) in which 5 ml of water (instead of diluted milk) were added to 10 ml of dye 
solution. Such blanks were run through with each batch of samples. The results 
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from Fig. 1A and B have been plotted in this manner in Fig. 1C and D. The parallel 
lines for different dye concentrations coincided giving a single line except where 
insufficient dye was present. 

This method has the advantage that the line passes through the origin. Also 
accurate standardization of the dye solution is not required and it is only necessary 
to ensure that the concentration does not fall below a certain minimum and that there 
is not such a great excess present that density readings become less accurate. Such 
variations are easily checked from the blank reading which should be approximately 
the same for successive dye solutions. 

Slope of curves. Amido black gave much steeper curves for density against protein 
than did orange G. This may be attributed to the higher molar optical density of 
amido black. 


Method finally adopted 


Dye solutions were made by dissolving 0-6165 g of amido black (A) or 1g of 
orange G (A) in 11. of 0-3 M citric acid. Five ml of the milk sample were diluted to 
100 ml, 5 ml of this solution were added to 10 ml of dye solution in a 15 ml centrifuge 
tube and the solutions mixed. After standing for 10 min the tubes were centrifuged 
for 5 min at 2500 rev/min. A 3 ml portion of the supernatant liquid was diluted to 
100 ml and the optical density measured at 615 my (amido black) or 485 my 
(orange G). Duplicate tubes with each dye were set up from one flask of diluted milk. 
Blanks with 5 ml of water to 10 ml of dye solution were included in each batch and 
were diluted in the same manner. The spectrophotometer was set to zero density on 
water in the usual way. Determinations were then made on blanks and samples. The 
difference in optical density (D) between blank (D,) and sample (D,) was recorded. 

The quantity of milk added to 10ml of amido black solution came within the 
range for complete precipitation of protein up to a protein content of 4-8 % in the 
milk. With the orange G solution, a greater excess of dye was present, but it was 
more convenient to use the same quantity of milk for both dyes and the accuracy 
of the determination was unaffected. 

The optical density of the blanks, after dilution, was 0-90 for amido black and 0-70 
for orange G. All measurements thus came within the range of Beer’s Law for both 
dyes. 


Estimations on milk of individual cows at different stages of lactation 


Milk samples were taken from individual cows in the Dairy Research Institute herd. 
Each sample was a composite of four successive milkings. The sample contained 
no preservative, but was held in a refrigerator till the composite was complete. Cows 
sampled were selected to give a wide range of protein content. From six to twelve 
samples, not always from the same cows, were taken at intervals through the year. 

Duplicate determinations of total protein (total N x 6-38) by macro-Kjeldahl were 
made in the chemistry laboratory of the Institute as part of the regular experimental 
programme. Aliquots for dye precipitation were taken from the milk samples within 
2 or 3h of the fourth milking. 

The work reported was commenced in November when the cows had been in milk 
for 3 to 4 months and continued till they were all dried off at the end of April. 
Samples of early lactation milks were taken the following spring (July-September). 
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RESULTS 


The results for the first thirty-six samples (November—January) have been plotted 
in Fig. 2. Regressions were calculated for the results with each dye and led to the 
following results, where P is Kjeldahl protein and D is difference in optical density 
between blank and sample. 


Optical density, (Dp — D,) 


0-100 


L 
30 35 40 
Total protein, % (Kjeldahl) 


Fig. 2. Dye values and Kjeldahl protein values for milks of individual cows in mid-lactation. 
The quantity of dye precipitated by the milk proteins is measured by the difference in optical 
density of the blank (D,) and the sample (D,). 


Amido black: 


P = 6:90 D+0-09, (1) 
standard error of estimate + 0-07. 


Orange G: 


P = 20-6 D+0-25, (2) 
standard error of estimate + 0-07. 
With both dyes the standard error of estimate was similar to that reported by 
other workers. 


Both regression lines had a small intercept on the protein axis but the deviation 
from zero protein was not significant. 
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Estimates of experimental error from differences between duplicates gave the 
following results for standard error of the mean of duplicates. 

Optical density: amido black + 0-00141; orange G +0-00145. 

Estimated protein: amido black +0-0098; Orange G + 0-029. 

The standard error of the mean of duplicate determinations of protein percentage 
by the Kjeldahl method was + 0-0096. 


070 


Optical density, (Dy — D,) 
° 
a 


0-40 
35 40 45 


Total protein, % (Kjeldahl) 


Fig. 3. Dye values and Kjeldahl protein values for normal and late lactation milks. 
@— @, Normal milks; O——O, late lactation milks. 


A more reliable estimate of experimental error was obtained by plotting optical 
density results (D = D,—D,) for one dye against those for the other. The points all 
fell close to a straight line passing through the origin. The regression equation was 


Dog = 0-331 D 4p — 9-006, (3) 
r = 0-987, 
standard error of estimate + 0-003. 


The value of the standard error of estimate of density (orange G) from density 
(amido black) gives a measure of the sum of the experimental errors involved in the 
two measurements. 
It may be concluded that the two dyes reacted in exactly the same way with 
protein; that there was the same error in measuring optical density of unbound dye 
4-2 
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with each ; that the measurement error in estimated protein (optical density x regres- 
sion coefficient) was three times as great for orange G as for amido black; and that 
the major part of the error in estimated protein was due to variation in dye-binding 
capacity of the proteins in different milks. 

No further determinations were made with orange G. 

Further results with amido black. Results on ninety-five milk samples taken from 
November till the end of April have been plotted in Fig. 3. Results to the end of 
March (normal milks) are shown as block circles and April (late lactation) results as 


open circles. 
Data for normal milks gave the regression 


P = 7-274 D—0-05, (4) 
standard error of estimate + 0-07. 


The standard error of estimate (+ 0-07) was the same as for the earlier results. 
Late lactation milks (twenty samples) all showed a higher dye-binding capacity 
than normal milks and conformed to a different regression. 
P = 7-466 D—0-34, (5) 
standard error of estimate + 0-08. 


The regression line for normal milks (4) passed very close to the origin and could, 
without altering the standard error of estimate, be replaced by a line passing through 
the origin 


P = 7-172 D. . (6) 


This equation will be referred to as the regression for normal milks. 
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Fig. 4. Differences between protein percentages of seventy early lactation milks determined by 
the Kjeldahl and the amido black methods. 


Early lactation milks 


Data for seventy samples of milks from cows in the first 2 months of lactation have 
been presented in Fig. 4 as deviations from the regression for normal milks (equa- 
tion 6) plotted against days after calving. The mean difference in protein percentage 
was +0-026 and the standard deviation of the difference was + 0-074. 

There was no indication that the dye binding of protein in milk samples taken only 
a few days after calving differed significantly from that of normal milks. 
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Dye binding of casein and whey protein fractions 


t 
g Determinations by the amido black and Kjeldahl methods were made at the same 
time on a number of milks and on casein-free filtrates prepared from them. 
Casein was precipitated by the method of Rowland (1938): 5 ml of the filtrate, 
a with 0-125 ml of 0-5 N-HCl to bring the pH near to 2-0, were added to 10 ml of dye 
f solution and the remainder of the determination was carried through in the normal 
manner. 
Protein contents were calculated from optical density values using the regression 
for normal milk (6) for the filtrates and the milks. The results for eight milks have 
been tabulated in Table 2. 
Table 2. Binding of amido black by casein and whey protein in milk from individual 
cows: estimation of % total protein and whey protein by the Kjeldahl and amido black 
y methods, and of fy casein by difference 


Days Total protein, % Whey protein, % Casein % by difference 

) no. calving Dye Kjl. Error Dye Kjl. Error Dye Kjl. Error 
3 31 2-96 3-01 —0-05 0-79 0-85 — 0-06 2:17 2-16 +0-01 
4 37 2-84 2-92 — 0-08 0:79 0-84 —0-05 2-05 2-08 — 0-03 
45 38 352 «3:58 -006 0-71 O75 -—004 281 283 —0-02 
1 46 27 3°57 3°63 — 0-06 0-68 0:77 —0-09 2-89 2-86 +0-03 
49 28 4:27 4-34 —0-07 0-86 0-90 — 0-04 3-41 3-44 —0-03 
) 50 39 4-37 4:39 —0-02 1-04 1-03 +0-01 3-33 3-36 —0-03 
51 34 379 3°73 +0-06 0-83 0-85 — 0-02 2-96 2-88 +0-08 
52 3°77 3-69 +0-08 0-79 0-85 —0-06 2-98 2-84 


+0-019 


— 0-044 


Mean error — 0-025 


The dye values for whey protein were on the average slightly lower than the 
Kjeldahl values, but the casein values, calculated by difference, agreed quite closely. 

Bulk samples of various products. A few direct determinations were made on bulk 
milk samples in which the casein was precipitated and washed in the centrifuge tube 
and then mixed with dye. Results on these estimations agreed closely with Kjeldahl 
caseins. Determinations on commercial casein and on wheys and wash waters from 
lactic casein manufacture all showed a good agreement with Kjeldahl results, i.e. the 
protein in all these samples had a dye-binding value corresponding closely to that of 
protein in normal milk. Cheese wheys, however, showed a lower dye-binding capacity 
per unit weight of protein. 


DISCUSSION AND CONCLUSIONS 


Most of the details of the reaction between dye and protein have been elucidated 
by previous investigators, but the excess of dye required for complete precipitation 
of protein seems not to have been clearly defined. In the present investigation it was 
found that a minimum concentration of 0-0002 m of unbound dye, either amido black 
or orange G, should remain in solution after the precipitate has been removed. Addi- 
tion of 0-25 ml of milk to 10 ml of 0-001 m dye solution allowed for an excess of dye 
even when the protein content of the milk was well over 4%. Steinsholt (1957a) 
used 1} times and Hadland & Johnsen (1959a) twice this quantity of milk with 
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similar dye concentrations. Their dye solution, however, was buffered to a higher pH 
(2-35 instead of 2-0) at which somewhat less dye would be bound by the same weight 
of proteins. 

It appears not to be necessary to use dye of the high purity (95 % or better) speci- 
fied by some investigators. Provided an approximate standardization is made to a 
given optical density, it is possible to ensure that the dye concentration does not fall 
below the minimum required. With dyes of low purity, however, a calibration against 
the Kjeldahl method would be necessary with each batch of dye, as a precaution 
against variation in the content of impurities which react with protein but have a low 
absorption at the wavelength at which the optical density is measured. 

If the protein is calculated from the quantity of dye precipitated (estimated by the 
difference between blank and sample) instead of from the concentration of unbound 
dye, the need for accurate standardization of dye solutions is eliminated. 

A solution of amido black of nominal concentration 0-001 m could, for example, 
be made up from a dye of unknown purity by adjusting the dye content so that a 
1 in 50 dilution showed an optical density between 0-9 and 1-0 in a 1 cm cell. 

Orange G and amido black react in the same molar ratio with basic groups in 
proteins but amido black, owing to its higher molar optical density, gives a much 
more sensitive indication and is therefore to be preferred. 

Milks from individual cows showed a relatively constant dye-binding capacity per 
gram of protein throughout the lactation period except for the last 3 or 4 weeks when 
there was a small increase. 

Contrary to the finding of Ashworth et al. (1960) no increase in dye-binding capacity 
of protein with rise in protein content of milk was observed with normal milks. Inclu- 
sion of late lactation milks, which have a higher average protein content than normal 
milks and contain protein of a slightly higher dye-binding capacity would, however, 
result in a slight apparent increase in dye-binding capacity of protein with increase in 
protein content. 

Casein from normal milks was found to have a dye-binding capacity corresponding 
closely to that of the total protein in the milks. The dye binding of protein in whey 
and serum from acid-precipitated casein also showed approximately the same rela- 
tion to Kjeldahl N as did the casein. It has been shown by Ashworth & Seals (1958) 
that whey proteins have a higher dye-binding capacity than casein while non-protein 
nitrogen binds very little dye. The overall dye binding per g of nitrogen in casein- 
free milk serum thus by chance approximately equals that of casein nitrogen. This 
finding is in agreement with the conclusion of Treece et al. (1958). 


The author wishes to acknowledge the capable assistance of Miss M. E. Burton in 
the experimental work and the helpful advice of Dr F. H. McDowall in the prepara- 
tion of the manuscript. 


REFERENCES 


AsnwortH, U.S. & Sats, R. (1958). J. Dairy Sci. 41, 227. 
AsHwortH, U. S., Szats, R. & Ens, R. E. (1960). J. Dairy Sci. 43, 614. 

Conn, H. J. (1946). Biological Stains. Geneva, N.Y., U.S.A.: Biotech. Publications. 
FRAENKEL-Conrat, H. & Coopsr, M. (1944). J. biol. Chem. 154, 239. 
Havpianp, G. & JOHNSEN, O. (1959a). Meieriposten, 48, 433, 451. 
Havpianp, G. & JOHNSEN, O. (19596). Meieriposten, 48, 826, 849, 882, 914. 


TI 
Sct. 
a 


Estimation of protein by dye binding 55 


MoRag, H. F. & Baker, B. E. (1958). J. Dairy Sci. 41, 233. 

Many, E. J. (1959). Dairy Ind. 24, 990. 

RaaDSvELD, C. W. (1957). Off. Org. K. ned. Zuivelb. 49, 823. 

RAADSVELD, C. W. (1958). Off. Org. K. ned. Zuivelb. 50, 146. 

Row tanp, S. J. (1938). J. Dairy Res. 9, 30. 

Scnoser, R. & Herzen, H. F. (1956). Milchwissenschaft, 11, 123. 

SrTEeInsHOLT, K. (1957a). Meieriposten, 46, 259, 279. 

STErnsHOLT, K. (19576). Meieriposten, 46, 901. 

TREECE, J. M., Grtmore, L. O. & FecHHEIMER, N. S. (1958). J. Dairy Sci. 41, 727. 
TREECE, J. M., Grtmore, L. O. & FecHHEtme|R, N. S. (1959). J. Dairy Sci. 42, 367. 
Upy, D. C. (1956a). Nature, Lond., 178, 314. 

Upy, D. C. (19566). Anal. Chem. 28, 1360. 


Note added at the proof stage 


The work of Shiga, K., Shimizu, R. & Hamada, H. (1959). Bull. Nat. Inst. Agr. 
Sct. (Japan) Series G, no. 18 has now come to the attention of the author. These 
workers calculated dye absorbed by protein in the way recommended in the present 
paper, that is by subtracting the optical density of unabsorbed dye from that of a 
blank. They also noted the superior sensitivity of amido black compared with 
orange G. 
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A comparison of biochemical and paper chromatographic 
methods for the identification of group D streptococci 
from Cheddar cheese 


By T. I. STEENSON* anp P. ROBERTSON} 
National Institute for Research in Dairying, Shinfield, Reading 


(Received 4 October 1960) 


Summary. Forty-four strains of tributyrolytic group D streptococci isolated from 
Cheddar cheese were identified by physiological, biochemical and serological tests. 
They were also independently grouped using two-way paper chromatography in 
which patterns of ninhydrin positive spots were developed from 10% acetic acid 
extracts of the bacteria. The groupings obtained by the chromatographic and con- 
ventional techniques were then compared. Strains of Str. durans were well differenti- 
ated by chromatography from the other species of group D streptococci examined, 
but with the remainder less clear differentiation was obtained. 


Chromatographic patterns of the acetic acid extracts of bacteria can be used to 
differentiate between species and possibly strains within species (Mattick, Cheese- 
man, Berridge & Bottazzi, 1956; Berridge, Cheeseman, Mattick, Bottazzi & Sharpe 
1957). Studies of the casei-plantarum group of lactobacilli (Cheeseman, Berridge, 
Mattick, Bottazzi & Sharpe, 1957), the micrococci (Gregory & Mabbitt, 1957), the 
heterofermentative lactobacilli (Cheeseman, Silva & Sharpe, 1959; Cheeseman & 
Berridge, 1959) and a collection of lactobacilli isolated from Cheddar cheese (Cheese- 
man, 1960) have also been made. In general, encouraging results have been obtained, 
although it has been suggested that chromatography is more able to assist than 
supplant biochemical and serological classification. 

In a survey of the types of tributyrolytic organisms present in Cheddar cheese, a 
large number of streptococci were isolated, of which representatives were identified 
by normal biochemical, physiological and serological methods as species belonging to 
serological group D. The first forty-four of the conventionally identified strains were 
then submitted to acid extraction and chromatographed by the methods used in the 
earlier investigations mentioned above. The results of the groupings from both methods 
are compared here. 

MATERIALS AND METHODS 

The bacterial strains examined were isolated from nine Canadian Cheddar cheese 
(designated Ce, Cg, Ch, Ci, Cj, Ck, Cl, Cm and Co) and one English Cheddar cheese 
(Eg). The Canadian cheese were normal first grade cheese available on the United 
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+ A member of the staff of the Dairy Research Institute (N.Z.). 


t 


58 T. I. SteENSON AND P. S. ROBERTSON 


Kingdom market, and were 10-18 weeks old when examined. These cheese were made 
in seven different Ontario factories, from raw milk. The English cheese was 13 weeks 
old, and was made from heat-treated milk. 

The cheese were sampled, and the samples emulsified and diluted by methods based 
on those used by Naylor & Sharpe (1958) and Robertson (1960). 

Bacteria capable of hydrolysing tributyrin were isolated by plating dilutions of the 
emulsion in the simple tributyrin agar used by Stadhouders & Mulder (1957) and a 
more complex medium of the following composition: peptone (Evans), 1%; beef 
extract (Lemco), 0:3%; Yeastrel, 0-3%; NaCl, 0:5%; Bactotryptone, 1%; agar 
(Oxoid No. 3), 2%; after adjustment to pH 6 with lactic acid, tributyrin (1%) was 
incorporated by homogenizing at 90°C to give a fine dispersion. 

After incubation of the plates for 5 days at 30°C well-isolated tributyrolytic 
colonies were picked from each medium into yeast dextrose litmus milk (YDLM). 

The YDLM cultures were examined microscopically on coagulation or not later 
than 6 days after picking. Several representatives of each of the morphological types 
present were submitted to further tests. Those cultures which appeared to be strepto- 
cocci were first tested for time to acidify, to coagulate and to cause a two-third 
reduction in YDLM, and for their ability to grow at 45 °C in glucose lactose yeast 
phosphate broth (GLYPB) (Robertson, 19606). Those streptococci which grew at 
45°C were maintained in YDLM plus chalk until submitted to the following addi- 
tional tests for identifying members of serological group D, broadly following the 
scheme of Shattock (1955). For purposes outside the scope of this paper the range of 
tests was rather greater than she listed. Gram staining and tests for catalase production 
were made with organisms grown on glucose lactose yeast phosphate agar (GLYPA). 
Ability to grow at 15°C and in the presence of 4, 6, 7 and 8% NaCl was tested in 
GLYPB. Tolerance of 60°C for 30 min was tested by placing a 1% inocula of 
a 24h1% dextrose Lemco broth (DLB) cultures into tubes of DLB immediately 
before holding in a water-bath at 60+0-1°C for 30 min after the temperature in a 
control tube reached 59-5 °C. The tubes were cooled rapidly, incubated for 2 days and 
examined for growth (cf. Shattock, 1949). Sensitivity to potassium tellurite (1: 2500) 
was tested on yeast dextrose agar. This differential medium has been used by Sharpe 
& Shattock (private communication). Ability to hydrolyse aesculin was assessed by 
adding a solution of ferric ammonium chloride (10%, w/v) to a 14-day-old culture in 
broth of the following composition: glucose, 0-2 %; peptone (Oxoid), 0-8 %; disodium 
hydrogen phosphate (anhyd.), 0-5%; beef extract (Lemco), 1:0%; yeast extract 
(Oxoid), 0:2%; Tween 80, 0-1%; aesculin, 0-2 %. Tests for haemolytic activity were 
made by streaking on nutrient agar containing 5 % horse blood (Hannay & Newland, 
1950). The medium and methods of Wheater (1955) were followed for the fermenta- 
tion of carbohydrates. Twenty-two of the strains (some of each species) were tested 
for group D antigens using the method of Shattock (1949) for concentrating the 
antigen. 

Those strains of tributyrolytic organisms which were identified as group D strepto- 
cocci were then examined chromatographically by one of us (T.1.S.) without previous 
knowledge of their species identification. 
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lew Chromatographic methods 
Strains were inoculated into yeast dextrose broth (YDB) and several transfers 
ed were made until growth was vigorous. A curve showing the growth of each culture at 
37°C was then constructed by noting changes in the optical density (0.D.) at various 
the times, using a Hilger Spekker absorptiometer. Typical growth curves are illustrated 
da in Fig. 1. All the cultures except Ck 57 were fully grown after 6h. It has been shown 
oeef 
war 05 
was 
ytic 
iter = 
pes 
to- 
§ 
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at a 
di- g 
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ion 
A). 
in 
of 
Time, h 
nd Fig. 1. Typical growth curves obtained with the streptococci in YDB. 
10) O Cf51; @ Cm51; A Ck 54; A Ck 58; (1) Ck 60; m Cf 54. 
i (Berridge et al. 1957) that the best time for harvesting the cells was at the end of the 
is logarithmic phase of growth or just at the beginning of the stationary phase and from 
a our growth curves, it was decided to harvest the organisms after 6 h. In each case an 
se inoculum of 0-4 ml from an actively growing culture was added to 20 ml of YDB, 
wi and after 6h growth the 0.D. was determined (1 cm light path) and a quantity 
d equivalent to 10 ml of 0-3 0.D. was centrifuged, washed with water and extracted 
ug with 10% (w/v) acetic acid (Mattick et al. 1956) using an extraction period of 30 min 
“ at 37°C. After extraction the cells were centrifuged and the supernatant extract 
oy transferred to a small specimen tube. 
Paper chromatography 


The extract was spotted on Whatman No. | filter-paper (18} in. x 224 in.) and the 
two-way chromatogram developed and sprayed by the method of Levy & Chung 
(1953). Those spots occupying positions of known amino acids (Fig. 2) were named 
and both known and unknown spots were numbered according to the scheme adopted 
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by Cheeseman et al. (1957). With most strains duplicate or triplicate extracts were 
prepared each from different subcultures grown at intervals of some weeks. 

The intensity of chromatographic spots was assessed by eye and scored numeri- 
cally; the maximum score (6) corresponded to the intensity of 100 yg of glutamic 
acid applied to 2 cm* of Whatman No. | filter-paper. A decrease of one unit indicated 
a halving of the concentration and any amino acid with a concentration score of less 
than 1 was indicated by T (trace). Finally, a table was constructed in which cultures 
giving the same spots were grouped together. In this paper no significance has been 
attached to spots scored as traces. 


Butanol— acetic acid— water 


Phenol — m-cresol —borate buffer, pH 83 
5 


Fig. 2. The typical pattern shown by a mixture of amino acids developed in the same way as the 
bacterial extracts. The hatched spots were also found in one or more of the extracts. Spot 
identities: 3, lysine; 6, aspartic acid; 7, glutamic acid; 8, serine; 9, glycine; 10, threonine; 
11, alanine; 12, aminobutyric acid; 13, asparagine; 14, tyrosine; 17, glutamine; 18, arginine; 
21, proline; 30, methionine or valine; 35, hydroxyproline; 37, leucines. 


RESULTS 


Chromatographic patterns and groupings 

The chromatographic patterns obtained were divided into the five main groups 
shown in Fig. 3. Group I contained no serine (spot 8), asparagine (spot 13) or gluta- 
mine (spot 17), group II contained serine, but no asparagine or glutamine, group III 
contained asparagine, but no serine or glutamine, group IV included both asparagine 
and serine, but no glutamine while group V contained serine, glutamine and aspara- 
gine. There were three exceptions, one similar to group IT but with aminobutyric acid 
(spot 12), one similar to group III but with aminobutyric acid and one similar to 
group I but without spot 19. 
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Conventional identification 


Forty-three of the forty-four strains were characterized physiologically and were 
subdivided into five essentially homogeneous groups corresponding to the accepted 
' subdivisions of the group D streptococci. One strain could not be classified. A few of 
the strains were atypical in several characteristics. 

The chromatographic and biochemical data are listed in Tables 1 and 2, respec- 
tively. Comparing these Tables it may be seen that one of the three strains which 
fell outside the five major chromatographic groupings (Cj 57) could not be classified 
by conventional means and another (Co 76) was not a typical Str. dwrans for it was 
able to ferment mannitol and xylose and to ferment sorbitol weakly. The other strain 
which fell outside the chromatographic groupings (Cm 60) was a typical Str. faecalis 


Group Il 


VS, 


C11 


Group Iil 


Group V 


Fig. 3. The five types of chromatogram obtained with forty-one of the forty-four strains of 
streptococci. Spot identities: 3, lysine; 6, aspartic acid; 7, glutamic acid; 8, serine; 9, glycine; 
10, threonine; 11, alanine; 13, asparagine; 17, glutamine; 19, unknown. 
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Table 1. Details of the spots present and their intensities on chromatograms of extracts 
of streptococcal species and strains in duplicate or triplicate arranged in chromatographic 
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groups. The identities of the organisms according to biochemical tests are also given. 


Spot no.* ... 


( Ci 64 
Ck 52 


Ck 54 
Ck 57 


Ck 58 


Group I 


Ck 60 
Cm 64 
Cm 91 


| Eg 58 


Spot intensity of strain 
5 3 4 — 2 2 3; - —- — 2 
5 3 5 — 2 2 3; - —- — 3 
5 4 5 — 2 2 4—-— — — 1 
5 3 5 — 2 — 2 
5 4 5 — 2 3 3; —- —- — 3 
5 3 5 — 2 3 4 —- — — 2 
4 2 5 — 2 2 3 - —- — 1 
4 2 5 — 2 2 3; - —- — 3 
4 3 5 — 2 2 3 - —- — 1 
5 3 3 3 4 — 
5 3 5 — 2 2 3 - —- — 3 
5 3 4 — 1 1 2 — — 1 
6 4 5 — 2 2 2—- — — 2 
5 1 4 — 3 2 4—- — — 1 
6 3 4 — 4 3 4 —- — — 2 
4 3 5 — 3 3 4 —- — — 2 
4 3 5 — 2 2 3 —- —- — 1 
6 3 4 — 2 2 3 4 3 — 2 
5 3 4 — 3 4 4 4 — 2 
5 3 5 2 4 3 6 —- —- — 2 
6 3 5 1 3 3 4o- —- — 1 
6 3 5 2 3 3 4 —- — — 1 
6 3 5 2 3 3 5 - —- — 2 
6 3 5 2 4 3 4o- —- — 3 
6 3 5 2 3 3 56 -—- —- — 2 
6 4 5 1 4 4 56 —- —- — 1 
6 4 5 1 3 3 4 — 1 
6 3 5 2 4 3 4 —- — — 2 
6 3 5 3 4 4 5 - —- — 1 
6 4 5 2 4 4 4 —- — — 2 
3 5 1 4 56 - — 1 
6 4 5 2 3 3 4 —- — — 2 
6 2 5 1 3 3 4 —- — — 2 
6 2 5 1 3 2 3; - —- =— 2 
6 3 5 2 4 4 5 - —- — 2 
6 3 5 1 4 4 4 — 
6 3 5 2 4 4 5 —- —- — 2 
5 2 4 — 2 2 3; - —- — 1 
5 2 5 1 3 2 4—- — — 1 
6 2 5 2 3 3 4—- —- — 1 
4 1 4 1 1 1 2 —- —- — 2 
6 2 6 2 2 3 4 —- — — 2 
6 3 4 1 3 3 3 3 o—- — 2 
5 3 3 2 3 3 3 4—- — 2 


Identity 


\ Str. durans 
Str. durans 
} Str. durans 


} Str. durans 
} Str. durans 
} Str. durans 
} Str. faecalis 


\ Str. durans 


} Str. durans 
} Str. faecalis 


var. zymogenes 


\ otr. faecalis 
var. zymogenes 


Str. faecalis 
var. liquefaciens 


\ Str. faecalis 


Str. faecalis 
var. zymogenes 


} Str. faecalis 


Str. faecalis 


\ Str. faecalis 
} Str. faecalis 
var. zymogenes 
Str. faecalis 
var. zymogenes 


Str. faecalis 


Unclassified 


Spc 


Group 


Group IV 


Group V 


= 

( 
Co 76 
( 
Ce 51 

( 
Cm 54 | 
Cm 57 
Co 52 | 
Co 55 
Eg 57 


phic 


Group III 


Group IV 


A. 
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Table 1 (cont.) 
Spot intensity of strain 

6 $8 5 — 4 4 5 — 2 — 2 
6 3 6 — 4 4 5 — i— 2 
6 5 — 4d 4 5 — 2 
6 4 5 — 4 4 56 — — 2 
6 4 56 — 3 3 5 —- 2 — 1 
6 2 5 — 4 3 4. — 1 — 1 
6 4 5 — + 4 4 — 1 — 2 
6 2 4 — + 3 4 — 1 — 2 
5 3 5 — 4 3 4 — 3 — 2 
3 2 3 — 1 1 2—- — — 1 
6 3 5 — 2 2 a 
6 2 4 — 4 3 4 — 
5 62 5 — 3 
5 3 5 2 4 3 4 -- 1 — 2 
6 4 5 1 3 2 4 — 1 — 2 
6 4 5 2 3 3 4 — 1— 2 
5 3 5 2 3 3 4—- 2 — 3 
5 3 5 2 3 3 5 — 2 — 1 
6 3 5 2 4 4 5 — 30 — 2 
5 4 5 1 4 4 5 — 38 — 2 
6 4 5 2 4 2 4 — T — 2 
6 4 5 2 4 + 5 — 3 o— 2 
6 4 5 3 3 3 4 — 3 — 2 
6 3 5 1 3 2 3 — T — 2 
5 2 5 1 3 3 5 — 1 — 1 
, 8 5 1 4 3 4 — 3 2 2 
6 4 5 2 4 4 5 — 3 2 2 
6 2 5 2 2 2 4 — 1 — 1 
5 2 5 2 2 2 5 — 2 2 1 
6 + 5 2 4 4 5 — 3 2 3 
5 3 5 1 3 + 5 — 1 1 2 
6 a 5 2 4 4 5 — 3 1 1 
6 3 5 1 4 4 5 — 3 1 2 
6 3 5 3 + 3 5 — 3 1 3 
4 4 5 3 4 4 5 — 2 2 1 
6 4 5 1 4 4 5 — 3 1 2 
5 2 & F 3 2 — 1 
6 4 5 1 4 4 5 — 3 1 2 
6 4 5 — 4 3 4 —- — — 2 


Spot intensity scale: —, Trace (T), 1, 2, 3, 4, 5, 6. 
* See Figs. 2 and 3 for identities. 


Identity 


} Str. faecalis 
Str. faecalis 
} Sir. faccalie 


Str. faecalis 
var. liquefaciens 


Str. faecalis 
\ Str. faecalis 


} Str. faecalis 


} Str. faecium 
\ Str. faecalis 


Str. faecalis 


Str. faecalis 
var. zymogenes 


Str. faecalis 


Str. faecalis 
var. zymogenes 


var. liquefaciens 


Str. faecalis 

var. liquefaciens 
Str. faecalis 

var. liquefaciens 
Str. faecalis 

var. liquefaciens 
Str. faecalis 

var. liquefaciens 
Str. faecalis 


| Str. faecalis 
} 


\ Str. faecalis 
\ Str. faecalis 
var. liquefaciens 
Str. faecalis 
} var. liquefaciens 


63 
racts 
__| Spot no.* ... 
n. 
Cf 51 
Ch 67 
Co 53 
Co 80 
Ce 61 
Cg 54 
Cm 96 
Co 66 
‘ Ce54 
; Cf 54 
ns 
Cf 65 
> Ch 54 
5 | Ck51 
Cm 51 
Cm 92 
Co 72 
Eg 51 
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strain in its physiological and biochemical characteristics but as may be seen from 
Table 3 the strains of Str. faecalis examined were heterogeneous in their chroma- 
tographic patterns. 


Table 2. Physiological, biochemical and serological characteristics of the strains of 
tributyrolytic group D streptococci which were examined in detail 


Str. faecalis Str. faecalis var. zymogen 
Eg Ce Cf Cg Ch Ch Ci Ci Cm Cm Cm Cm Cm Cm Cm Co Co Ce Cg Cg Cm Co ( j 
57 51 51 54 58 67 51 52 51 54 57 60 91 92 96 53 80 59 51 56 5B 52 55 § 
Fermentation 
Arabinose - +24 - - = = = + - + +t - - 
Melizitose + + + t+ t+ tt t+ t+ t+ + + + + + + + 
Melibiose - + = = = = = = = = = = = = = = = 
Xylose -- - - + + = = = = = + - £ - 
aesculin 
gelatine 
Haemolysis B Bp B 8B 
tellurite 
Serological group D D D D D : D D D 
Str. 
Str. faecalis var. liqueft faecium Str. durans U 
Eg Ce Cf Cf Ch Ch Ck Co Co Ce Eg Ci Ck Ck Ck Ck Ck Cm Co Cj 
51 54 54 65 51 54 51 51 72 ~~ 61 58 64 52 54 57 58 60 64 76 57 
Fermentation 
Dextrin + + + + + + + + 4+ - - - - - £ = 
Glycerol + + + . + + + + + 
Maltose + + + + + + + + - + + + + + + + + + + + 
Mannitol + + + + + + + + + + -- - =--- - = + + 
Melizitose + + + + + + - + + - = = = = 
Melibiose - - = = = + + + + + + + 
Sorbitol + + + + + + + + + + - - a ee - - £ + 
Xylose + + - + + - = t+ = = = + - 
aesculin 
Liquefaction + + + + + + + + + - - - - 
gelatine 
Haemolysis ge Y es g B B B B g eg 
tellurite 
Serologicalgroup . D D . . OD. OD > RP PD. D 


U = Unclassified. g = greening of blood near colony. + = strong positive reaction. + = weak positive reaction, 
— = negative reaction, . = not tested. R = reduced, C = acid clot (R or C reactions taking more than 1 day are shown 
by appropriate superscripts). 

All strains were catalase negative; grew at 15 and 45°C and after heating at 60°C for 30 min; could tolerate 8% NaCl 
(Co 72 only tolerated 7%); were able to ferment cellobiose, lactose, salicin, and trehalose but not raffinose (Cj 57 and 
Cm 64 were able to ferment raffinose). 
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Table 3. Numbers of isolates conventionally identified in each 
chromatographic group 
Conventionally defined species 


f § Str. faecalis Str. faecalis 
Chromatographic var. var. 

group Str. faecalis liquefaciens zymogenes Str. faecium Str.durans Unclassified 
II 
Ili 
IV 
v 
No group 


am 

| | wo] | 


1 
1 


m bw 


DISCUSSION 


The object of this work was to compare the techniques of paper chromatography 
with the normal biochemical and physiological methods of identification of group D 
streptococci isolated from Cheddar cheese. The streptococci examined may have been 
somewhat atypical as they were isolated for their tributyrolytic activity. Little is 
known of the tributyrolytic activity of group D streptococci, although Long & Hammer 
(1936, 1937) have reported tributyrolytic activity in Str. liquefaciens (now regarded 
as Str. faecalis var. liquefaciens; Bergey’s Manual, Breed, Murray & Smith, 1957). 

It appears from this limited amount of material that the technique of paper 
. I} chromatography is more successful in differentiating strains having wide biochemical 
differences than strains which are similar biochemically. In particular the results 
suggest (Table 3) that Str. durans can be differentiated from other group D strepto- 
cocci by its chromatographic pattern. The other strains, Str. faecalis var. lique- 
faciens, Str. faecalis var. zymogenes and Str. faecalis were more evenly spread over the 
remaining groups. However, with two of these three species the chromatographic 
technique enabled some differentiation to be made and the results show most of the 
Str. faecalis var. liquefaciens to be in group V with spots corresponding to asparagine 
and glutamine and most of the Str. faecalis var. zymogenes to be in group II which is 
without these amino acids. The distinction between these two variants of Str. faecalis 
in the conventional scheme of classification (Shattock, 1955) depends on a single 
criterion, the presence or absence of B-haemolysis of horse blood. The chromato- 
graphic results tend to support the distinction between liquefaciens and zymogenes. 
In a similar context it would be interesting to know whether Str. faecium is chroma- 
tographically more closely related to Str. durans than to Str. faecalis. 

The spot intensities shown in Table 1 are not sufficiently different from one another 
(allowing for an error of + 1 in visual readings) to allow further differentiation within 
the defined groups. 
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The effect of root feeding on the intake and 
production of dairy cows 


By M. E. CASTLE, A. D. DRYSDALE anv R. WAITE 
The Hannah Dairy Research Institute, Kirkhill, Ayr 


(Received 7 October 1960) 


Summary. Since grassland conservation crops are normally bulky fibrous feeds and 
often limit the appetite and nutrient intake of dairy cows, a feeding trial was made in 
which a basal ration of hay and grass silage was compared with similar rations con- 
taining roots. Three rations were compared in a 12-week winter feeding trial using 
twelve Ayrshire cows. Ration A consisted of 8 |b of hay and 65 lb of grass silage daily, 
whilst rations B and C contained 30 and 60 lb of fodder-beet, respectively, in addition. 
With all three rations concentrates were given at 3} lb per 10 lb of milk. The total 
weights of dry matter consumed per day were 29-1, 32-5 and 35-4 lb, respectively, 
for rations A, B and C and were significantly different. For every 1 lb of additional 
fodder-beet dry matter eaten the decline in the amount of basal feeds consumed was 
0-45 lb. The largest effect was on the silage which fell from 10-8 lb of silage dry 
matter per day for ration A to 8:8 lb for ration B and 6:8 lb for ration C. 

The weight of starch equivalent (s.z.) given per day increased significantly from 
18-1 lb for treatment A to 22-2 lb for treatment C, whilst at the same time the total 
weight of crude fibre and lignin eaten decreased significantly in the rations containing 
fodder-beet. 

The mean daily milk yields for rations A, B and C were 37-4, 39-2 and 38-5 lb, 
respectively, with a response of 0-91b milk per 1 lb of extra s.z. given between 
rations A and B but no further response between rations B and C. The fat percentages 
of the milk were not significantly different for the three rations whereas the solids- 
not-fat (S.N.F.) varied significantly from 8-58 % for ration A to 8-77 % for ration C— 
a response of 0:05 % s.n.F. for each additional 1 lb of s.z. The change in the s.N.F. 
was mainly in the protein fraction of the milk. The cows were significantly heavier 
when on ration C than when on ration A. 

The effect of feeding roots on the appetite of the cow and on the resulting milk 
quality, and the problems of growing roots on intensively managed grassland farms 
are briefly discussed. 


It is well known that grassland conservation products such as hay and silage are 
normally cheaper per unit of s.z. than concentrates (Hamilton, 1957; Caine, 1958). 
If, therefore, increasing amounts of such feeds could replace concentrates in the diet 
of the dairy cow without a decline in milk yield and milk quality, the cost of feeding 
would be reduced. Unfortunately, roughages such as hay and silage are bulky and 
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are often of low digestibility because of extensive lignification. They are, moreover, 
usually given in a physical form which results in a slow passage through the digestive 
tract. All these factors limit the appetite of the cow and do not allow a sufficient 
intake of dry matter and nutrients for the production of high milk yields. An example 


shown in an earlier trial at this Institute (Holmes, Reid, MacLusky, Waite & Watson, 
1957) when the mean daily dry matter intake of cows on a ration containing hay, 
dried grass and silage was only 23-7 lb, whereas when concentrates were added to the 
ration the dry matter consumption increased to 28-9 lb per day. The use of concen- 
trates to increase the dry matter intake can, of course, be uneconomic unless the 
optimum ratio between roughages and concentrates is selected, and other cheaper 
home-grown foods may be of more value to achieve the same end of a greater intake 
of highly digestible dry matter. Root crops, for example, such as mangolds, turnips 
and swedes are all exceedingly palatable feeds for dairy cattle and are cheaper per 
unit of s.z. than concentrates (Hamilton, 1957; Caine, 1958) and earlier work showed 
that by increasing the amount of roots in the ration the total daily intake of dry 
matter and s.£. could be increased (Blaxter, 1944). 

To investigate further the effect of adding roots to the diet a feeding trial was made 
in which a basal ration of hay and silage was supplemented with roots at two levels. 
The first aim of the trial was to record changes in the feed intake of the cows and the 
second to see what effect these changes might have upon milk yield and milk quality. 


EXPERIMENTAL 


Experimental design 


Twelve Ayrshire cows which had calved from 2 to 17 weeks, average 11 weeks, 
before the experiment began were used. Five cows were in their third or fourth 
lactation and the other seven in their fifth to eighth lactation. The animals were 
housed throughout the experiment in a conventional byre with facilities for individual 
feeding, but were allowed into a bare earth paddock each day from 10.00 a.m. to 
12.00 noon. For 3 weeks before the experiment started the cows were on a diet 
containing the same quality of silage, hay and roots as that given during the experi- 
ment. 

The twelve cows were divided into four groups of three so that the animals in each 
group were as similar as possible in stage of lactation, daily milk yield and live weight 
after calving. The three cows in each group were then allotted at random to one of 
three feeding treatments in a 3x 3 Latin square layout. The experiment lasted 12 
weeks, from 14 December 1959 to 6 March 1960, and was divided into three equal 


and in calculating the results of the trial only the data from the last 2 weeks in each 
period were used. 


FEEDING 
The cows on all three treatments were offered 8lb of hay at approximately 


5.00 p.m. after milking and grass silage at 7.00 a.m. and 12.00 noon. The silage was 
offered in sufficient quantity to ensure that a residue was available for weighing 2-3 h 


of this limiting effect of intake on a winter ration containing all grass products was | 
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: hay or silage, i.e. at 7.00 a.m., 12.00 noon, and 5.00 p.m. 


_ yield of all the cows. The quantity of concentrates given in any one period of the 
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after feeding. In addition, each cow received one of the following three treatments: 
A—No fodder-beet. 
B—230 lb of fodder-beet per cow per day. 
C—60 lb of fodder-beet per cow per day. 
The fodder-beet was given in three equal feeds and was fed at the same time as the 


Concentrates were given at a rate of 3} lb per 10 lb of milk. The amount given in 
period 1 was calculated from the average weight of milk produced by each cow in the 
week before the experiment began. In periods 2 and 3 the cows were rationed on the 
equalized feeding principle of Lucas (1943) using the milk yields from the last 5 days 
of periods 1 and 2, respectively, and basing the feeding on the average decline in milk 


experiment was kept constant throughout the 4 weeks. Half the weight of concen- 
trates was given at each milking time. The concentrate mixture consisted, in parts by 
weight, of ground barley 34, bruised oats 2, flaked maize 14, groundnut cake 1}, 
soya meal 3, locust bean meal }, dried grass meal 4 and mineral pre-mix }, and had a 
calculated s.z. of 79 and a digestible crude protein (D.c.P.) of 15-2, both based on the 
dry matter content (Table 1). The mineral pre-mix contained 40% salt, 20% 
magnesite, 20%, feeding limestone and 20% dicalcium phosphate. 

The silage had been made from grass cut at the long leafy stage with a forage 
harvester during late May and no preservative had been added to it. The hay was 
made from a pure rye-grass sward cut on 15 June at the early flowering stage and was 
in excellent condition. The variety of fodder-beet was Red Otofte because of its useful 
combination of high dry matter content and ease of harvesting. 

All feeds were individually weighed every day throughout the experiment and on 
5 consecutive days each week the quantities of each feed refused were weighed also. 

The concentrates and fodder-beet were sampled twice, and the silage and hay on 
5 days each week. The samples of hay were bulked for one weekly dry matter deter- 
mination, but a dry matter determination was made on each individual silage sample. 
After they were dried, all samples were ground and a weekly bulked sample obtained 
from each feed for chemical analysis. 


Milk yield and quality 

The cows were milked twice a day and their yields recorded at each milking to the 
nearest } 1b. Milk samples from consecutive evening and morning milkings were 
taken for chemical analysis once a week during weeks 1 and 2 in each period and 
twice a week (Tuesday, Wednesday and Thursday, Friday) in weeks 3 and 4. The 
evening and morning samples were mixed in proportion to yield and analysed for 
total solids, fat, crude protein, casein and lactose by methods previously described 
(Waite, White & Robertson, 1956). Individual quarter milkings were made occasion- 
ally during the experiment and the samples similarly analysed. To detect and control 
any mastitis that might occur, weekly samples of milk from each cow were examined 
by Dr P. S. Blackburn of this Institute, using a differential cell-count method (Black- 
burn, Laing & Malcolm, 1955). Foremilk from each quarter was examined bacterio- 
logically each fortnight. 
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Live weight 
The cows were weighed on the same morning each week at approximately 6.45 a.m., 
after milking, but before feeding the silage and fodder-beet. 


RESULTS 
Nutrient values of the feeds 

The analyses and calculated nutrient values of the four feeds are given in Table 1. 

The approximate s.E. and D.c.P. values were calculated from the chemical analyses 


together with the digestibility coefficients for Scottish hays (Moon, 1954), silage 
(McDonald & Purves, 1956), concentrates and roots (Woodman, 1954) and Kellner’s 


Table 1. The composition and calculated feeding value of the concentrate 
mixture, the roughages and the fodder-beet 


Percentage of the dry matter 
Water- 

Dry Nitrogen soluble Approxi- Approt 

matter, Crude* True* Ether free Crude carbo- mate mate 

% protein protein extract extract fibre Ash Lignin hydrates 8.E. D.C, 

Concentrate 848 18:3 166 5-1 64-0 TT 4:9 5-9 N.D. 79 152 
Hay 808 10:2 19 28 48-2 315 73 10-7 72 37 56 
Grass silage 174 = 13-4 8-0 6-7 375 33:5 8-9 9-9 0 58 81 
Fodder-beet 19-6 76 2-2 0-8 80-0 6:3 53 25 70-3 62 55 


(Red @tofte) 


N.D. = not determined. * N x 6-25 


Table 2. The feed and nutrient intake (lb per cow per day) on the 


three feeding treatments 
8.E. D.C.P. 
Dry matter, lb per cow per day dry matter % of % of 
consumption Woodman Woodman Crude 
Fodder Concen- as % of standard standard fibre, Lig 
Treatment beet Hay Silage trates Total live weight Ib/day (1954) Ib/day (1954)  Ib/day 
A a 6-2 108 121 29-1 2-7 18-1 112 3-1 102 65 
B 5-9 6-1 88 11:7 325 3-0 20-2 122 3-2 101 6-1 


135 33 
+24 


104 
+22 


22:2 
+0-21 


3:3 
+004 


6-8 115 35-4 
+025 +024 +0-33 


Cc 11-4 5-7 


Standard error +018 
of a difference 
between two means 


constants. The total nitrogen content of the fodder-beet and, to a lesser extent, the 
silage, included large amounts of non-protein nitrogen, that of the fodder-beet ac- 
counting for 71% of the total nitrogen and that of the silage for 29%. These high 
proportions of non-protein nitrogen render the values for the calculated D.c.P. even 
less certain than such values usually are. The fodder-beet was particularly rich in 
soluble carbohydrates, mainly sucrose, to the extent of 70% of the fodder-beet dry 
matter, whereas the silage contained none. 


Feed consumption 


Dry matter 
The mean weights of dry matter consumed from each feed and the total daily 


intake on each treatment are given in Table 2. Cows on the hay and silage ration 
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(treatment A) ate, on average, 29-1 lb dry matter per day but when offered fodder- 
beet in addition, their intake was significantly increased (P < 0-001) to 32-5 1b on 
treatment B and to 35-4 1b dry matter per day on treatment C. These increases in 
total dry matter intake resulted from the cows eating 5-9 and 11-4 lb of fodder-beet 
dry matter (i.e. virtually all of the beet offered) on treatments B and C respectively, 
without refusing an equal total amount of the other three feeds. The intake of hay 
and concentrates fell only slightly from treatment A to treatment C, but a larger 
decrease was found in the silage part of the ration. The daily consumption of silage 
dry matter fell significantly (P < 0-001) from 10-8 lb/day on treatment A, to 8-8 Ib 
and 6-8 lb on treatments B and C, respectively. 

The weight of dry matter consumed per cow per day expressed as a percentage of 
the mean live weight of the cow is also given in Table 2. This value increased signifi- 
cantly (P < 0-001) from a minimum of 2-7 % on treatment A to 3-3 % on treatment C. 


Starch equivalent and digestible crude protein 


The average daily intakes of s.z. and of D.c.P. were calculated from the mean con- 
sumption of each feed and the nutrient values assumed in Table 1, and are presented 
in Table 2. The daily intake of s.z. expressed in lb/day and as a percentage of the 
cow’s requirements according to the standards of Woodman (1954) increased pro- 
gressively and significantly (P < 0-001) from treatment A to treatment C. In con- 
trast the differences in the consumption of D.c.P. on the three treatments were small, 
and when expressed as a percentage of Woodman’s standard were not statistically 
significant. 


Crude fibre and lignin 

The mean daily intakes of crude fibre and lignin (Table 2) were also calculated 
from the daily dry matter intakes and analytical values given in Table 1. Both the 
crude fibre and the lignin intakes decreased significantly (P < 0-001) from treat- 
ment A to treatment C. 


Animal health Animal production 


None of the rations fed during the experiment caused any digestive disorders and 
the general health of the cows was excellent. One cow had a damaged teat due to 
treading and developed clinical mastitis. Another cow developed a large hard lump 
in one quarter, which, although causing only a small decrease in the yield of that 
quarter, raised the cell count of the milk to 13-7 x 10°/ml. As judged by cell counts 
and bacteriological examination three other cows had subclinical mastitis for various 
periods and were treated with antibiotics. The effect of these udder conditions on the 
chemical composition of the milk is discussed in a note which follows this paper 
(Waite, 1961). 


Milk yield 

The mean daily milk yields per cow on each treatment are recorded in Table 3. 
Yields throughout the experiment were at a satisfactory level and the differences 
between treatments were small. The yield with treatment B, 39-2 lb/day was signifi- 
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cantly higher (P < 0-05) than that with treatment A, 37-4 lb/day, while the yield 
with treatment C was intermediate between these two and did not differ significantly 
from either. 


Milk composition 

The weighted mean composition of the milk is shown in Table 3. For the cows 
which developed subclinical and clinical mastitis, only the values from the three non- 
infected quarters have been used. The effect of this adjustment on the mean value for 
each treatment, which is derived from twelve cows, was extremely small and mainly 
affected the lactose values. 


Table 3. The mean daily milk yield, chemical composition of the 
milk and the mean live weight of the cows 


Milk Milk composition, % 
yield, c A ~ Live 
lb per cow Crude* Lactose weight, 

Treatment per day Fat S.N.F. protein Casein* anhydride lb 
A 37-4 4-34 8-58 3-14 2-44 4-64 1076 
B 39-2 4-28 8-67 3-21 2-51 4-62 1074 
C 38-5 4-24 8-77 3-27 2-58 4-64 1088 
Standard error of a +0-77 +0-08 +0-03 + 0-04 +0-04 +0-01 +6 


_ difference between 
two means 


*N x 6-38. 


The slight decrease in fat percentage of the milk with treatments B and C com- 
pared with treatment A was not statistically significant, but as in a previous experi- 
ment (Castle, MacLusky, Waite & Watson, 1958) it appeared to be associated with 


the milk showed progressive and significant increases of 0-09 (P < 0-05) from treat- 
ment A to B, and 0-10 (P < 0-01) from treatment B to C. There were no significant 
differences between the lactose percentages of the milks with the three treatments, 
and the increases in the s.N.F. percentage were the result of an increase in the nitrogen 
compounds, in particular the casein. Both the crude protein and casein contents of 
the milk had significantly higher values (P < 0-01) with treatment C than with 
treatment A. 


Live weight 

The mean live weights of the cows on the three treatments are also given in 
Table 3. On treatment C the animals had a significantly (P < 0-05) higher live 
weight than on treatments A and B and in general the animals on treatment A lost 
live weight, whereas on treatments B and C they showed some small increases. 


DISCUSSION 


In this experiment it was found that with a ration of good quality hay and grass 
silage the intake of dry metter was increased by the addition of roots to this basal 
diet. The addition to the diet of 30 lb of fodder-beet (5-9 lb beet dry matter) increased 
the total dry matter intake by 3-4 lb and the addition of 60 lb of beet (11-8 lb of dry 


an increased intake of dry matter low in crude fibre content. The s.N.F. percentage of | 
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matter) increased it by 6-3 1b. These increases are very similar to those found by 
Blaxter (1944) when mangolds were added to a basal ration of hay or straw. The 
fodder-beet, which was extremely palatable, was eaten completely and as a result 
silage consumption decreased by 18°% when 30 lb of beet were offered and by 37% 
when 60 lb of beet were offered. A small amount of hay (8 % of the intake on ration A) 
was also refused on the ration containing the higher weight of fodder-beet. On 
average, for each 1 lb of beet dry matter eaten, there was a reduction in the amount of 
basal feed consumed of 0-4 1b dry matter, a result similar to those obtained in pre- 
vious experiments (Reid & Holmes, 1956; Holmes ef al. 1957) when 1 |b of additional 
concentrates replaced grass products at the rate of 0-4-0-6 lb. 

The weights of dry matter eaten per day, expressed as a percentage of live weight, 
were 2-7, 3-0 and 3-3 with treatments A, B and C, respectively. The value of 2-7 % 
with treatment A was similar to that of 2-5% obtained in a previous experiment 
(Holmes et al. 1957) when cows were fed a ration of hay, dried grass and silage with 
concentrates at 4 1b/gal milk. In this earlier experiment, omitting concentrates re- 
duced the dry matter intake to 2-2 % of live weight and it is this inadequate level of 
food consumption from a ration containing only grass conservation products which 
a supplement of fodder-beet could do much to improve. The roots were extremely 
palatable to the cows but this might not be the only factor explaining the much 
larger appetite of the cows on treatments B and C. A decreased intake of crude fibre 
and lignin was found when roots were included although the total daily dry matter 
intake was increased (Table 2). For example, on treatment A without any roots the 
crude fibre intake was 6-5 lb per cow daily, whereas with treatment C with roots it 
was only 5-7 lb. The comparable values for lignin were 2-4 and 2-2 lb. 

The large increase in dry matter and s.£. consumption from treatment A to 
treatment C was not accompanied by a similar large increase in milk yield. The 
response in this experiment was 0-9 lb milk per 1 lb extra s.z. fed between rations A 
and B, which is the same as that found in earlier trials (Holmes et al. 1957; Castle 
et al. 1958). However, there was no further response in terms of milk yield between 
rations B and C and this may have been because the amount of s.£. fed in ration B 
was 122% of the normal standards (Woodman, 1954) and because at about that level 
the cows were producing as much as they were capable of. There is also the possibility 
that the nutrient value of the rations containing beet may have been lower than that 
assumed because of a faster rate of passage through the digestive tract with increasing 
intake. 

The extra intake of s.z. did, however, affect milk composition even at the highest 
level of feeding (treatment C). The s.n.F. percentage. of the milk increased progres- 
sively from treatment A to treatment C giving a response of 0-05 % s.n.r. for each 
additional 1 lb of s.z. fed over the treatment A level. This value agrees well with 
those found in some earlier experiments at this Institute (Holmes, Waite, MacLusky 
& Watson, 1956; Holmes et al. 1957; Castle et al. 1958). As before, the increase in 
S.N.F. was mainly the result of an increase in the protein fraction of the milk, whereas 
the lactose content was unaffected. It is well known that rumen microflora can 
utilize nonprotein nitrogen in a feed efficiently only when an adequate supply of 
readily available energy is provided simultaneously (Pearson & Smith, 1943). From 
the present results for milk composition it would appear that fodder-beet, with its 
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extremely high sugar content (70% of the dry matter), is in a good position to 
balance not only its own high content of non-protein nitrogenous compounds, but 
also probably to assist in the better utilization of the considerable quantities of non- 
protein nitrogen from the silage. Roots would, therefore, seem to be a most useful 
supplement to diets containing silage, particularly where the s.n.F. percentage of the 
milk is low. 

Furthermore, the root crop, particularly fodder-beet, gives a large yield of nutrients 
per acre (Castle, Foot & Rowland, 1952a) and with good management can produce 
three to five times more 8.z. per acre than a normal crop of oats (Castle, Foot & Row- 
land, 19526) and often twice the yield of s.z. per acre given by average grassland 
(Hendrie, 1958). Thus where reliance is placed on bulky feeds for the dairy cow and 
the area of land is limited there is much to recommend a small area of roots, preferably 
of high dry matter (18-20%). 


The authors thank Dr P. 8. Blackburn, M.R.C.V.S. for bacteriological examination 
of the milk, and also gratefully acknowledge the help of the members of the Dairy 
Husbandry and Technical Chemistry Departments of the Institute who did much of 
the practical work. 
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A note on a method of overcoming the effect of udder disease or 
injury in experiments involving milk yield and composition 


By R. WAITE 
The Hannah Dairy Research Institute, Ayr 


(Received 7 October 1960) 


Summary. In experiments to determine the effect of feeding changes on milk yield 
and composition, udder disease or injury may easily invalidate the results, particu- 
larly those for milk composition. It is suggested that regular examination of the milk 
from each quarter of the udder would allow a diseased or injured quarter to be 
recognized and a true value for the effect of the feeding treatment to be obtained 
from the composition of the milk from at least two healthy quarters. Examples to 
illustrate the suggestion are given. 


Feeding trials planned to investigate the effect of ration changes on milk yield and 
composition are frequently made on small numbers of cows. The use of a Latin 
square design or a similar sequence of feeding helps to some extent to mitigate the 
disadvantages of using relatively few cows and, if a cow becomes ill during the course 
of the experiment, causing some results to be invalidated, ‘missing values’ can be 
calculated. Such missing values may, however, not be employed because the extent 
of the illness is slight and, judged by the yield or composition of the milk from the 
whole udder, appears to have had little effect. In such circumstances it is often diffi- 
cult to decide whether some variation, for example, in milk composition, is the result 
of the change in feeding or of some other cause. 

The suggestion is now made that in feeding trials, particularly those involving a 
small number of cows, the response of each animal should be judged not only by the 
normal daily yields and milk composition but also by a consideration of the yield and 
composition of the milk from each quarter. The chemical analysis should also be 
supplemented by an examination of the milk for the presence of bacteria and a 
determination of the cell count. 

To decide whether any quarter is producing abnormal milk some criteria of 
abnormality are obviously necessary and the following are suggested as a guide, 
to which a general knowledge of the known factors affecting milk composition must 
be applied. The milk from the separate quarters of a healthy udder usually has a 
very similar percentage of the solids-not-fat (s.N.F.) constituents, particularly when 
allowance is made for differences in the fat percentages, and a good indication of 
abnormality in a quarter is provided by a fall in the lactose percentage of the milk 
from that quarter relative to that from the other quarters. A secondary and slightly 
less sensitive indicator is a decrease in the proportion of the total nitrogen in the milk 
which is derived from casein (the casein number). Data accumulated over a number 


75 
to 

but 

on- 

the 

uce 

w- 

nd 

bly 

on 

ry 

of 


76 R. WaAITE 


of years show that the lactose percentages of the milks from four healthy quarters of 
an udder usually lie within + 0-05 % of their mean value. A quarter producing milk 
with a lactose percentage lower than that from the other three quarters by about 
twice this amount would therefore be viewed with suspicion. As will be seen later, the 
effect of udder disease or injury on the lactose percentage is usually considerably 
greater, often causing a decrease of 0-5-1%. The casein number of milk from the 
quarters of a healthy udder differs only slightly, frequently by not more than one 
unit and a difference of three units would again be suggestive of a changed composi- 
tion, particularly if accompanied or preceded by a fall in the lactose percentage. It is 
well known, of course, that both the lactose percentage and the casein number of milk 
from healthy quarters undergo changes with advancing laction. 

The presence of large numbers of cells in the milk, particularly of the polymorph 
type, is also evidence of an abnormal condition within the udder and the results of 
work done in collaboration with Dr P. 8. Blackburn suggest that a total count (by the 
method of Blackburn, Laing & Malcolm, 1955) above 100000-200000 per ml of milk 
from the milked-out quarter should be considered abnormal. An exception to this 
would be in milk produced in late lactation when the cell count increases as a result of 
tissue involution, but this is a period unlikely to be used in experiments involving milk 
composition. Milk from a healthy quarter, as at present generally tested, is usually 
free from bacteria of the staphylococcal, streptococcal or coliform types but may 
occasionally contain a few organisms. In such samples the lactose percentage and 
cell count would be the dominant criteria but succeeding samples would be watched 
for any further bacterial development. 

A milk yield from a quarter which is markedly lower than that from the corre- 
sponding quarter on the opposite side may also indicate some abnormal condition, 
but the possibility that this inequality existed prior to any injury or disease cannot 
be overlooked. It will frequently be found that more than one of the suggested 
abnormalities will be present at the same time, which will assist the judgement, 
but as in many biological phenomena, there will always be exceptions to a general 
rule. 

The frequency with which examinations of milk from separate quarters are made 
is, to some extent, the choice of the worker concerned. Ideally, compositional results 
would be based entirely on milk analyses of quarter samples but as this is usually 
impracticable a compromise must be accepted. In an experiment of the foregoing 
type (Castle, Drysdale & Waite, 1961) where the treatment periods were of 4 weeks’ 
duration and the milk from the whole udder of each cow was analysed once per week 
in the. first 2 weeks of each period and twice per week in the last 2 weeks, the milk 
composition was calculated from the last four analyses. It is suggested that in the 
third week of each period the first sampling should be by individual quarters and that 
for any cow showing an abnormal milk the remaining three samplings should also 
be by quarters. The milk composition credited for such a cow to that treatment 
period would then be the weighted mean of the healthy quarters, of which there 
should be at least two, judged by the above criteria. A slightly less accurate com- 
promise which would considerably reduce the number of samples to be analysed 
would be, at the last three samplings, to analyse only the mixed milk from the 
quarters judged by the cell count still to be healthy. 
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In trials lasting only 3-4 months it would probably also be justifiable to make a 
similar correction for milk yield, but the possibility of the sound quarter on the same 
side of the udder increasing its milk yield cannot be entirely neglected. Such a calcu- 
lation would, however, appear from the evidence to be perfectly valid for the treat- 
ment period in which the disease or accident occurred when periods are of 4-5 weeks’ 
duration. 

These suggestions are made as a result of experience in a number of feeding 
experiments (Holmes, Waite, MacLusky & Watson, 1956; Holmes, Reid, MacLusky, 
Waite & Watson, 1957), including that just reported (Castle et al. 1961), and find sup- 
port in such work as that of van Rensburg (1947) and Crossman, Dodd, Lee & Neave 
(1950). The following examples are given to illustrate the proposition ; for clarity only 
the results from an evening milking are shown. 


Table 1. Milk yield, chemical composition and cell count of the milk from 
individual quarters of three cows (abnormal results in bold. type) 


Milk composition, % 


P.M. 
yield, Lactose Crude Casein 10-* cell 
Quarter lb Fat S.N.F. anhydride protein Casein no.  count/ml 
Cow 1 
Left fore 375 570 8-70 4-69 3:30 = 2-62 80 0-04 
Left hind 4-50 5-65 8-78 4-73 3-34 2-58 77 0-02 
Right fore 3-75 5-40 8-77 4-73 3-31 2-58 78 0-02 
Right hind 1-50 6-83 7:50 3-46 3-31 2-11 64 3-34 
Three healthy quarters 12-00 5-60 8-75 4-72 3-32 2-59 78 
Whole udder 13-50 5-74 8-61 4-58 3-32 2-54 70 
Cow 2 
Left fore 4-00 6-00 8-46 4-86 2-65 2-06 78 0-03 
Left hind 7:00 6-24 8-44 4-87 2-76 2-18 79 0-01 
Right fore 3°75 5-50 8-53 4-90 2-86 2-27 80 0-15 
Right hind 6-25 4-85 7-46 3-51 - 3:00 1-86 62 13-7 
Three healthy quarters 14-75 5-99 8-47 4-87 2-76 2-17 79 
Whole udder 21-00 5-65 8-17 4:47 2-83 2-08 74 
Cow 3 
Left fore 1-75 4-50 7-94 3-97 3-27 2-50 77 0-33 
Left hind 3-75 4-45 8-83 4-48 3°39 2-65 78 0-01 
Right fore 2-75 4-58 8-68 4-51 3-46 2-72 79 Nil 
Right hind 4-00 4-62 8-89 4-57 3-45 2-75 80 0-01 
Three healthy quarters 10-50 4-55 8-81 4-52 3°43 2-71 79 
Whole udder 12-25 4-54 8-69 4-44 3-41 2-68 78 


Cow 1 had a damaged right hind teat caused by treading. Clinical mastitis and a 
high cell count developed in the affected quarter but without clots forming in the 
milk ; total milk yield fell by 4-6 lb per day. The chemical analysis of the milk of each 
quarter and the milk yield at the evening milking are shown in Table 1 (cow 1). The 
weighted mean value for each constituent of the mixed milk of the three healthy 
quarters and of the whole udder have been calculated and are also included. 

It can be seen that the s.N.F. percentage of the milk from the whole udder (8-61) 
was 0-14 lower than that of the three healthy quarters. This difference was caused by 
a severe fall in the lactose content of the milk from the affected quarter and was 
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accompanied by an equally abrupt change in the proportion of casein nitrogen to total 
nitrogen (the casein number). There was a loss of milk yield from the damaged quarter 
with no apparent compensation in the right fore-quarter even after some months. 

Cow 2 developed a lump of hard tissue in the right hind-quarter which did not 
appear to cause discomfort or to reduce milk yield. Coagulase-negative staphylo- 
cocci were present in the milk after the lump formed and, despite antibiotic treat- 
ment, they persisted for a further 3 months. After 6 weeks of this condition there was 
a sudden rise in the cell count and a fall of 0-3% in the lactose content of the milk 
from the whole udder. Analysis of the milk of each quarter is given in Table 1 
(cow 2). The effect of the abnormal condition of one quarter in this cow was to 
reduce fat, s.N.F. and lactose contents by 0-3-0-4 % and to decrease the casein num- 
ber. The fall in milk yield from the affected quarter was small, so that the effect of 
the lowered composition of the milk from that quarter on the composition of the milk 
from the whole udder was considerable. 

Cow 3 provided an example of the effect of subclinical mastitis in one quarter on 
milk composition (Table 1). The milk from the left fore-quarter of this cow had a 
fairly high cell count and contained numerous coagulase-positive staphylococci for 
6 weeks but clinical signs of mastitis were not shown. The milk from the affected 
quarter had a lower lactose percentage, and hence a lower s.N.F. percentage, than the 
healthy quarters so that the difference between the composition of the milk from the 
three healthy quarters and that of the whole udder amounted to 0-12 % s.n.F. There 
was an appreciable fall in the yield of milk from the affected quarter compared with 
that of the healthy right fore-quarter, again without any obvious compensation. 


DISCUSSION 


These three examples of abnormal conditions in individual quarters are typical of 
the way that the composition of the milk of individual cows can be affected. Where 
a marked decrease occurs in the milk yield from an affected quarter the net effect on 
the chemical composition of the milk of the whole udder will, of course, be less, but, 
as shown above, it may still ve appreciable in the s.n.¥. and lactose fractions. It may 
be argued that differences of the order of 0-1-0-2 % s.n.F., resulting from disease or 
accident, in the milk of individual cows will have little influence on the mean value 
for the milk of all the cows on a given feeding treatment, but that is not necessarily so. 
Such abnormal conditions in the quarters of cows’ udders are by no means rare nor 
are they always limited as in the foregoing examples to one quarter and, by chance, 
several cows may be affected while undergoing the same feeding treatment. For 
example, in the experiment described in the preceding paper (Castle et al. 1961) it so 
happened that four cows had abnormalities of the types described when on treat- 
ment B, although these occurred in different treatment periods. This had the effect 
for that treatment of reducing the mean values of the lactose and s.N.F. percentages 
in the milk of the twelve cows by 0-05, a small quantity in itself but an appreciable 
amount when compared with the standard error of the treatment mean of + 0-03 for 
s.n.F. and +0-01 for lactose percentage. 

Finally, it must be remembered that in feeding trials of the type just described, 
the variation that can be reasonably introduced between rations is rarely so extreme 
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that very large differences in milk composition would, in any event, be expected. 
A mean difference of 0-10-0:15% s.n.F., for example, between the milk resulting 
from two different feeding treatments would usually be statistically significant. For 
these reasons it appears that the practice of analysing quarter samples from each cow 
at regular intervals and using only the results from quarters which are apparently 


healthy has much to commend it. 


The author wishes to thank Dr P. S. Blackburn, M.R.C.V.S. for the cell counts and 
bacteriological examination of the milk. 
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Physical properties of milk fat 


13 Influence of chemical modification 


By J. M. p—E MAN 
Department of Dairy Science, University of Alberta, Edmonton, Canada 


(Received 10 October 1960) 


Summary. Interesterification of milk fats resulted in increased softening points, 
hardness and high melting glycerides (HMG). Increasing the content of trans-unsat- 
urated acyl groups in milk fat resulted in increased softening points and hardness. 
While the increased solid fat content after interesterification occurred mostly at the 
higher measuring temperatures, the increase due to isomerization occurred mainly at 
the lower measuring temperatures. However, in both cases hardness was increased at 
all measuring temperatures. These results indicate that glyceride structure and trans- 
unsaturated acyl content influence the physical properties of the solidified fat. 


Butter shows large seasonal variations in physical properties such as hardness 
(spreadability) and oiling-off (de Man & Wood, 1958a, b). While there is no doubt that 
these differences are the result of variations in the chemical composition of the fat, the 
usual explanation given in the literature seems insufficient to explain the variations 
in physical properties. Up to now it has been considered that variation in the con- 
tent of unsaturated fatty acids as expressed by iodine values is the only important 
factor. There remains the observation, however, that the seasonal variation in soften- 
ing points of milk fat is generally within 1°C (Wood, 1956), whereas winter butter 
may be 100% harder than summer butter (de Man & Wood, 1958a). To understand 
the factors that influence the physical and rheological properties of butter, a better 
understanding of the relation between chemical and physical properties of milk fat is 
required. It is known that milk fat has a specific rather than a random fatty acid 
distribution because its physical properties are altered after interesterification (Weihe 
& Greenbank, 1958). The nature of the glyceride structure should influence the 
physical properties of the fat. It has also been established that a considerable portion 
of the unsaturated fatty acids occurs in the trans-form (Hartman, Shorland & 
McDonald, 1955). Because of the large difference in melting-points between the cis- 
and the trans-isomers, the presence of these isomers should also influence the physical 
properties of the fat. The object of this study was to obtain evidence for the relative 
effects of glyceride structure and trans-unsaturated fatty acid content on some 


physical properties of milk fat. 
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EXPERIMENTAL 


Milk fat was obtained from butters made in July, September, and December. 
Previous work in this laboratory (de Man & Wood, 1958a; Wood, 1956) had shown that 
fat obtained in these months is representative of summer, intermediate and winter 
conditions, respectively. The pure fat was prepared by melting the butter, washing 
repeatedly with warm water until the fat became clear and free from protein, and 
then drying under vacuum. 

Interesterification was carried out in the carefully dried fat at 50°C with 0-2 % of 
sodium methylate catalyst. After the reaction had been carried on for 1 h the catalyst 
was destroyed with an excess of citric acid solution and the fat washed with warm 
water and dried. For cis-trans isomerization the fat was heated to 180°C for one hour 
with 0-3 % of selenium as catalyst. After the reaction the fat was filtered to remove 
the catalyst. 

The trans-unsaturated fatty acid content was measured by the infra-red spectro- 
photometric method of Shreve, Heether, McNight & Swern (1950). The fats were con- 
verted to the corresponding methyl esters and the solvent was carbon disulphide. 
Results were calculated from the formula 


100 (kop. Kay.) 


trans component, weight % = one 
“av. 


? 


where kop, is the observed optical density, k, the optical density of pure methyl 
elaidate and k,,. the optical density of the methyl esters of fully hydrogenated milk 
fat (iodine value < 1-0). All optical densities were measured at 10-3 ». The measure- 
ments were made with a Perkin-Elmer model 21 infra-red spectrophotometer using 
0-1 mm NaC! cells. 

Hardness was measured by a penetration method. The samples were cooled in 
cylindrical brass containers, inside diameter 13 mm, outside diameter 35 mm, height 
50mm. Cooling was usually carried out in two ways: rapid cooling involved im- 
mersion of the filled sample containers in a dish of ice water at 0 °C; slow cooling was 
carried out by leaving the filled sample containers in a 15 °C air incubator. A cylindri- 
cal plunger with a surface area of 0-5 cm?, height 1 cm, was driven into the sample at 
the constant speed of 5 em/min. The force required to push the plunger down 1 cm 
was read on the gauge of the instrument and expressed in grams. 

Solid fat content was determined by dilatometry. The fat was filled into volumetric 
dilatometers as described previously (de Man & Wood, 1959) and cooled by immersion 
in an ice-water bath at 0°C. The dilatometers were left in this bath overnight. For 
the actual measurements the dilatometers were placed in a tall glass cylinder in which 
water from a Hoeppler ultrathermostat entered at the bottom and flowed back to the 
thermostat from the top. The dilatometers were maintained at a specific temperature 
for one hour before the reading was made. Calculation of the solid fat content was 
carried out as described previously. 

High melting glycerides were determined by a solvent crystallization procedure 
similar to the one described by Taufel, Franzke & Achtzehn (1958). Ten grams of 
milk fat were dissolved in 20 ml of ether, 5 ml of absolute ethanol were added, and the 
stoppered container left for 12 h in a 15°C incubator. The precipitate was collected 
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on a glass filter and washed with a cold mixture of 2 volumes of ethanol and 3 volumes 
of ether. The precipitate was dried under vacuum at room temperature and weighed. 

Softening points were measured by the method described by Dixon (1959). The 
tubes containing the fats were cooled by immersion in ice water for 1 h. 


RESULTS 

Interesterification resulted in increases in the softening points of the three fats 
varying from 3-9 to 4:7°C (Table 1). The softening points were increased to a lesser 
extent, 1-5-1-8°C, by isomerization (Table 1). 


Table 1. The effect of interesterification and isomerization on the softening 
point of milk fat produced in different seasons 


Month Softening point of milk fat, °C 
milk fat - ~ 
produced Original Interesterified Isomerized 
June 32-9 36-6 34-4 
Sept. 32-6 36-8 34-4 


Dec. 33-7 37-6 35-2 


Table’2. The effect of interesterification on the content of high melting glycerides 
in milk fat produced in different seasons 


High melting glyceride 


Month in butterfat, wt. % 
milk fat, 
produced Original _Interesterified 

June 1-9 10-5 
Sept. 2-2 10-2 
Dec. 3-0 11-4 


Table 3. The effect of isomerization on the trans-unsaturated components in the 
methyl esters of milk fats produced in different seasons 


Month Trans-component, wt. % 
milk fat =; A 
produced Original Isomerized 

June 6-6 21-0 
Sept. 6-5 22-6 


Dec. 4-9 18-5 


High melting glycerides, which ranged from 1-9 to 3-0 % in the original fats, were 
increased greatly by interesterification to values of 10-5-11-4% (Table 2). The 
glyceride determination can serve as a sensitive check on the interesterification. 

Isomerization resulted in an increase in trans-unsaturation as indicated in Table 3. 
There was an increase of 14-4 % in the June sample, 16-1 °% in the September sample, 
and 13-6 % in the December sample. 

The results of the dilatometric determinations of solid fat content are listed in 
Table 4. These determinations were made at 5° intervals in the range of 10-40 °C. 
There is remarkably little difference between the June, September and December 
fats. The interesterified fats show increased solid fat contents at all but the lower 
6-2 
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temperatures. This supports the results of the high melting glyceride determination 
mentioned above. The sharp drop in solid fat content in these interesterified fats 
between 35 and 40°C is interesting and indicates a more sudden melting than in the 
original fats. The isomerized fats were characterized by a greatly increased solid fat 
content at all the temperatures measured. 


Table 4. The effect of interesterification and isomerization on the solid fat content 
of milk fat produced in different seasons as determined by dilatometry 


Solid fat content (%) at temperatures of 


Treatment and type 

of fat 10°C 25°C 30°C 35°C 40°C 
Untreated June 57-6 20-6 12-6 6:3 10 0-0 
Sept. 58-0 42:3 21-2 13-7 7:0 1-5 0-0 


5 Dec. 47-5 27-0 15-2 2-9 0-0 


Interesterified June 56-7 45-2 32-7 23-8 15-8 7:8 0-0 
Sept. 57-1 45:3 32-4 24-8 16-5 7-9 0-0 
Dec. 59-8 47-9 34:3 26-7 18-5 9-9 15 


Isomerized June 74-3 56-2 33-2 22-0 11-8 2°3 0-0 
Sept. 717-6 59-6 36-7 24-9 14-4 3-9 0-0 
Dec. 63-5 38-6 26-6 6-1 0-0 


Table 5. The effect of cooling treatment, interesterification and isomerization on the 
penetration hardness of milk fat produced in different seasons measured at different 


temperatures 
Penetration hardness (10-4 g) at temperatures of: 

Treatment and type of fat 10°C 15°C 20°C 25°C 
Untreated June Slowly cooled 103 74 0 — 
Rapidly cooled 262 163 46 0 

Sept. Slowly cooled 103 67 0 — 

Rapidly cooled 242 132 4] 0 

Dec. Slowly cooled 144 108 0 _ 

Rapidly cooled 329 240 36 0 

Interesterified June Slowly cooled 271 245 158 113 
Rapidly cooled 344 322 118 10 

Sept. Slowly cooled 216 209 142 101 

Rapidly cooled 281 272 101 17 

Dec. Slowly cooled 228 204 152 115 

Rapidly cooled 310 231 111 17 

Isomerized June Slowly cooled 445 257 124 93 
Rapidly cooled 486 305 107 0 

Sept. Slowly cooled 422 262 133 112 

Rapidly cooled 516 357 136 5 

Dec. Slowly cooled 512 369 167 148 


Rapidly cooled 550 440 157 19 


The results of the penetration hardness measurements are presented in Table 5. 
The rapidly cooled samples were much harder than those which were cooled slowly. 
The samples of the untreated June and September fat were only slightly different 
in hardness, but the December samples were considerably harder. The hardness of 
the interesterified fats was considerably higher than that of the original fats. It is 
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remarkable that the slowly cooled interesterified fats had such a high penetration 
hardness in comparison with the rapidly cooled samples. At 20 and 25°C the slowly 
cooled samples were even harder than the rapidly cooled samples. The interesterified 
December fat was softer than the interesterified June and September samples. Iso- 
merization resulted in a greater hardness increase than interesterification. Slow 
cooling at 20 and 25°C yielded a harder fat with both the interesterification and 
isomerization treatments than did the rapidly cooled samples. 


Discussion 


The large difference in physical properties of milk fat before and after interesterifi- 
cation indicates that the distribution of fatty acids in the glyceride molecules is highly 
specific. The arrangement of the fatty acids is such that milk fat is considerably softer 
than it would be with a random fatty acid distribution. It is known that milk fat is 
synthesized in the mammary gland using precursors from at least three different 
sources, namely, dietary lipids, acetate and B-hydroxybutyrate from the rumen, and 
blood lipids (Glascock, 1958). It is not known in what manner the glycerides are built 
up from the lipid precursors but it is apparent that there is no random interchange of 
fatty acid radicals in the mammary gland. Randomization of the fatty acids resulted 
in a considerable increase in high melting glycerides as demonstrated in the crystalli- 
zation procedure and the solid fat content measurement at the higher temperatures. 
However, the hardness of the fat was increased at lower as well as at higher tempera- 
tures. This indicates that the hardness of the fat is not solely the result of the quantity 
of crystals, but that crystal composition is also involved. Slow cooling of the original 
fat invariably resulted in a softer product than was obtained with rapid cooling. 
With the interesterified fats this only applied at 10 and 15°C but at the higher 
temperatures the reverse was true. The slowly cooled interesterified fats had a 
remarkable plastic range. The increase of 5-7 % in high melting glycerides as com- 
pared with the original fats was responsible for a large hardness increase. It must be 
concluded that the presence of these high melting glycerides is of exceptional import- 
ance in influencing the rheological properties of the fat. 

Isomerization caused a lesser increase in softening point than interesterification but 
resulted in a greater hardness increase. The solid fat content was greater at both 
higher and lower temperatures, contrasting with interesterification. The hardness 
increase was even greater than in the interesterified fats. Again, at the higher tem- 
perature, 20 and 25°C, the slowly cooled samples were harder than the rapidly cooled 
ones. These results show that the presence of trans-unsaturated acy] radicals causes 
the fat to be harder than it would be if all unsaturation were present in the cis-form. 

These results indicate that the rheological behaviour of milk fat is not related in a 
simple way to a single chemical constant, e.g. iodine value. The fatty acid composi- 
tion, distribution of fatty acids among glycerides and possibly among the different 
positions in the glyceride molecule as well as temperature treatment, may all affect 
the physical nature of the solidified fat. 
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Reviews of the progress of dairy science 


Section F. Milk-borne disease 
(Received 6 October 1960) 


GENERAL 


In the reviews on various aspects of dairy science the writers must, in most 
instances, be confronted with an ever increasing multiplicity of papers dealing with 
the continuous expansion of knowledge and with the application of such knowledge 
to practical problems. Milk-borne diseases, which at one time had most important 
public health implications, are now becoming less frequent. Some diseases, such as 
the enteric fevers and streptococcal sore throat, which through the agency of milk, 
often affected many individuals in explosive epidemics, have almost disappeared. 
Again, the morbidity and mortality associated with bovine tuberculosis are almost 
occurrences of the past. These changes have served to emphasize the significance of 
infections which were once regarded as of less importance. In countries with adequate 
control measures, water-borne disease has become almost a negligible hazard and it is 
hoped a similar situation will soon prevail for milk-borne disease. The continuous 
improvement in animal health services and in the sanitary control of milk production 
and distribution have produced such excellent results that the epidemics and inci- 
dents of the past are unlikely to recur. 

Dauer & Davids (1) discussed the methods of reporting food-borne diseases in the 
U.S.A. They believe that there is considerable variation from state to state and that 
it is difficult to obtain a complete over-all picture. Since 1951 a narrative type of 
annual summary with tables has been published in Public Health Reports. Certainly 
these reports do not seem to be so complete as those published by the Central Public 
Health Laboratory in London. Dauer & Davids (1) state that for 1958 milk and milk 
products were considered the source of infection in thirteen outbreaks in U.S.A., a 
very small number for such a large nation. Cheese and cheese spreads only accounted 


for another five. 
The FAO/WHO Expert Committee on Milk Hygiene issued a report (2) on milk 


hygiene. The scope of the Committee’s work embraced a study of all measures con- 
cerning the health of milk producing animals, sanitary practices in production, 
handling and processing of milk and milk products, pasteurization or other forms of 
heat treatment for the destruction of pathogenic organisms, and the protection of 
products from re-contamination. Hygienic problems relating to cow’s milk, buffalo’s 
milk, and, to a lesser extent, to goat’s milk, were considered. Problems relating to 
products such as butter, cheese, and ice-cream, are to be considered at some future 
date. The Committee discussed milk hygiene under the headings: 

(1) Milk production on the farm. 

(2) Collection of milk. 

(3) Milk handling and processing in the dairy. 

(4) Distribution. 
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(5) Principles of legislation, and 

(6) Recommendations for future research. 

Full consideration was given to the contamination of milk by pathogens at the 
various stages of production and distribution and to methods for preventing this. 
Recommendations for future research included: 

(1) The value and hygiene of buffalo milk. 

(2) The production of sterilized milk in tropical and warm countries. 

(3) The problem of aseptic bottling of sterilized milk. 

(4) Further studies on thermal death-points, particularly in relation to viruses 
and rickettsiae. 

(5) The use of hydrogen peroxide as a preservative or as a substitute for heat 
treatment, and 

(6) A study on keeping quality in warm countries by different methods of heat 
treatment. 

Soltys(3) has discussed the relationship of animal medicine to man’s health. In 
this extensive article he pointed out that the most important functions of the 
veterinary service are to improve and maintain the health of animals used for food, 
and to protect man from the numerous diseases which can be transmitted from 
animal to man. The large amount of illness caused by infected animals and animal 
products was responsible for the development of a veterinary public health service in 
the Department of Health of the United States and most countries of Western 
Europe except in Great Britain, where the Department of Agriculture controls the 
veterinary service. The progress made in the elimination of diseases transmitted 
through the agency of animals and animal products has been most satisfactory. 
Dewberry (4) in the fourth edition of his book Food Poisoning has reviewed the 
methods of prevention of milk-borne diseases in relation to technical methods em- 
ployed and to legal requirements. 

The greatly reduced incidence of milk-borne disease has given rise to suggestions 
that the administrative machinery for the sanitary control of.milk supplies should be 
modified. An editorial article in the American Journal of Public Health (5) stated that 
such attempts have been made in the U.S.A. and are likely to continue to be made in 
the future. It suggested that if milk control passed from health departments to depart- 
ments of agriculture it would be reasonable to assume that ‘the economic focus would 
subordinate the health interest’. The author of the article advises public health 
staffs to be on the alert to prevent any attempt to weaken health departments’ 
responsibilities for the sanitary supervision of milk supplies. A paper on the destruc- 
tion of bacteria by heat has been published by Nevot, Lapont & Lapont(6). The 
Conseil Superieur d’Hygiene publique de France recommended in 1955 that, for 
pasteurization by the holding process, milk should be heated at 63°C for 30 min, at 
92°C for instantaneous heating, and, in addition, in order to make certain that 
tubercle bacilli were destroyed, boiling should be carried out for 5 min. The authors 
questioned the recommendations and pointed out that the temperature-time rela- 
tionships in other countries were 30 min at 62°C for the holding process, and 16 sec 
at 72 °C for H.T.S.T. methods. As there was no response, the authors undertook a 
further series of experiments on the thermal destruction of bacteria in milk by em- 
ploying apparatus comparable to that used industrially. Pasteurization tests were 
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made with bacteria responsible for animal diseases, with bacteria found normally in 
animals, and with bacteria excreted by human beings and capable of being trans- 
mitted through the agency of milk to other human beings. Their results indicated 
that H.T.S.T. pasteurization for 10 sec at 72°C and holding pasteurization at 62°C 
for 30 min were effective for all pathogenic micro-organisms. These methods, how- 
ever, were not sufficient to destroy enterococci and other saprophytic types. On the 
other hand, salmonellae were more sensitive to heat than tubercle bacilli and both 
these organisms were more easily destroyed than brucellae. Also f-haemolytic 
streptococci, diphtheria bacilli, various serological types of Escherichia coli associated 
with infantile gastro-enteritis, and Lancefield’s group A streptococci were also more 
easily destroyed than brucellae. 

To what extent antibiotics used in the treatment of cows and hence appearing in 
the milk have affected the transmission of some forms of infection is unknown. Only 
a small percentage of bulked milks is likely to contain antibiotic and the amount 
present is relatively small. The whole subject of antibiotic residues in milk and milk 
products is reviewed in two papers by Marth & Ellickson(7, 8). The authors believe 
that these residues have created problems of importance to the dairy industry and to 
public health officials. Hazards to the public health of antibiotic contaminated milk 
include: (1) allergic responses, (2) changes in intestinal function, and (3) development 
of antibiotic resistant pathogenic bacteria. 

An interesting article on the geography of milk was published by May 9) who 
believes that a good criterion of a country’s advance in technical methods is its 
ability to produce and distribute wholesome milk. There are many factors governing 
the use of milk in a particular country, such as tradition, availability, and bodily 
needs. In many parts of the world this last factor is scarcely considered. It is the 
hope of the author that two quarts of milk for every human being, every day, every- 
where, will eventually be used. 


TUBERCULOSIS 


Programmes for the eradication of tuberculosis in cattle have been completed in 
some countries and almost completed in others. In Britain the last phase of the plan 
to wipe out tuberculosis began on 1 March 1960. From that date the parts of England 
not already attested were declared tuberculosis eradication areas and all herds in 
these areas became liable for compulsory tuberculin tests and for the slaughter of 
reactors. It is hoped to declare the whole of England an attested area by the end of 
1960. Scotland and Wales were declared attested areas in October 1959. From 
1 March 1960, imported cattle (except those of ‘accredited’ attested or ‘once-tested’ 
status) were refused admission to any part of Britain except to designated slaughter- 
houses or for immediate slaughter. The Annual Report of the Chief Medical Officer of 
the Ministry of Health for 1958 (10) stated that in England and Wales 93-2 % of all 
milk sold was now heat treated. Again, the Annual Report of the Department of 
Health for Scotland for 1959 (11) stated that 97-7 % of the total milk sold was either 
from tuberculin tested or certified herds. Furthermore, 78-09% of milk sold to the 
public was pasteurized in 132 plants licensed for the purpose. During the year local 
authorities revoked five and suspended eighty-nine licences for the production of 
designated milk, representing 1-18 % of the licences held. 
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In the U.S.A., Smith (12) has published a booklet on the conquest of tuberculosis in 
that country. This gives a brief account of the sequence of events which led to the 
steps taken to eliminate tuberculosis. Brief biographical notes are given of those who 
led the campaign for eradication. Hagan (13) has reviewed the literature, up to the 
end of 1957, on the control and eradication of animal diseases in the U.S.A. Most of 
this article is devoted to diseases which are not conveyed through the agency of milk. 
The author points out that tuberculosis in animals as well as in man is a disease of 
over-crowding and poor housing. Consequently cattle, because of the free open life 
they lead on the farms, were never extensively infected. In 1940 all states joined the 
plan for eradication of bovine tuberculosis and the average incidence of this disease 
has been reduced to an estimated 0-46 %. 

Helvig (14), in the U.S.A., discussed milk-borne bovine tuberculosis and the measures 
necessary for its elimination, in the various states. He pointed out that only isolated 
cases of human infection have been reported during the past few years, and that the 
public health importance of animal tuberculosis cannot be properly measured on the 
strength of the information now available. The first essential in completely elimi- 
nating this disease is the mandatory pasteurization of all milk. 

Franks (16) has made a study of tuberculosis control in Denmark. So far as cattle 
are concerned, he stated that the main features of the eradication campaign were: 
(i) an adequate well-trained staff of veterinary practitioners to ensure bi-annual 
testing, examination, and certification of animals; (ii) enlisting the support of the 
farmers’ organizations on an area basis; (iii) adequate state compensation for the 
slaughter of positive reactors with extra inducements for prompt action; (iv) com- 
pulsory test and slaughter of reactors in districts with 90% free herds; (v) medical 
examination of all cow-hands working with tuberculosis-free herds; (vi) progressive 
reduction of the selling price of milk produced on farms where segregation of reactors 
was not practised; and (vii) pasteurization of all milk used for feeding stock. 

Meyn (17) described the progress made in the eradication of tuberculosis in dairy 
herds in the German Federal Republic. There were over 800000 attested herds corre- 
sponding to 60 % of the total. In South Wurtemberg there was a very high incidence, 
19-2 %, of the bovine type of tubercle bacillus in human cases of pulmonary tubercu- 
losis. In patients under 30 years of age, 9 % were infected with the bovine type and in 
patients over 30 years the incidence was 34%. Most of those over 30 years were 
mainly workers associated with cattle husbandry. In patients with extra-pulmonary 
disease the bovine type of tubercle bacilli was recovered from 58-6 % of specimens. 

A small number of papers discussed the incidence of tuberculous mastitis and the 
presence of tubercle bacilli in milk. Soltys(18) published a paper on the public health 
aspects of tuberculosis in domestic animals. As regards infection in cattle, he pointed 
out that there was a relatively high frequency of mammary gland tuberculosis in 
cows, whereas in human beings such lesions were comparatively rare. He stated that 
72 out of 570 milk samples examined biologically at the Veterinary Investigation 
Centre, Cambridge, during 1957, contained tubercle bacilli. The reason for this high 
incidence was that Cambridgeshire, the Isle of Ely, and the neighbouring counties, 
had a small percentage of attested cattle. Nassal(19) in Federal Germany examined 
by microscope, or by an inoculation, 108000 samples of milk from tuberculin positive 
cows and found that 1203 contained tubercle bacilli. In half of the infected cows 
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there was no clinical evidence of tuberculous mastitis. Furthermore in 5-7 % of the 
animals giving positive milk samples there was no evidence of disease when the 
udders were examined pathologically and bacteriologically. The author concluded 
that tubercle bacilli could be excreted through a normal udder. Lindley (20) reported 
that in Nigeria the highest infection rate in cattle was 7 % in Southern Adumuwa and 
the Cameroons. In the north of the country the incidence was only 0-02 %; conse- 
quently there were very few records of bovine tuberculous mastitis and the risk of 
man contracting infection was slight. Chodkowski & Zorawski(21) in Poland, ex- 
amined by guinea-pig inoculation eighty milk samples. Only eleven or 14% showed 
the presence of tubercle bacilli, and when the animals from which these positive 
samples were obtained were examined few showed clinical evidence of disease. 
During 1951 to 1958 Huston & Edwards (22) studied eighty-seven cases of various 
types of tuberculosis occurring in children under 14 years of age not residing in 
Southern England. Sixty-two cases had primary and twenty-five disseminated 
disease. After full inquiry five cases during 1951 and 1952 and one in 1954 were 
attributed to milk-borne infection. 

One report on experimental work is of interest. Schliesser (23) infected two cows 
intravenously with human type of tubercle bacilli. No such tubercle bacilli could be 
demonstrated in the milk samples taken during the following 3 months even when 
these samples were examined microscopically or inoculated into guinea-pigs. 


INTESTINAL INFECTIONS 
(a) Enteric fevers 


No reports on the occurrence of milk-borne typhoid fevers seem to be available. 
There were, however, two small outbreaks due to Salmonella paratyphosus B, one 
being conveyed definitely by milk and the other by the substitute material, artificial 
cream. The Annual Report of the Chief Medical Officer of the Ministry of Health for 
1957 (24) records an outbreak in South Westmorland Rural District. Unpasteurized 
milk was the vehicle of infection and twenty-three individuals contracted the disease. 
Inquiries showed that one dairy worker was probably a carrier and another was in the 
early stage of the illness. Young (25) reported an epidemic of paratyphoid fever in- 
volving forty-seven persons in the Burgh of Motherwell and Wishaw in Lanarkshire, 
Scotland. The relative sex incidence was nineteen males to twenty-eight females 
whose ages ranged from 2 to 60 years although 78 % were under 20 years of age. The 
source of infection was, as frequently happens, a bakery which provided various con- 
fections filled with artificial cream. The bakery employed 132 people and bacterio- 
logical examination showed that one woman employed in the despatch department 
was a carrier, but evidence as to whether she was the source of infection was inconclu- 
sive. The organisms isolated from the patients and the carrier all belonged to 
phage-type taunton. 

(b) Salmonella food poisoning 

A report of a Working Party of the Public Health Laboratory Service (26) on 
Salmonella organisms in animal feedingstuffs and fertilizers has been issued. Attention 
is called to the results obtained previously by workers in Scandinavia, in Germany, 
and in this country, and to the fact that these organic products are a direct potential 
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danger to domestic animals and also, indirectly, to man. Of 1262 samples of imported 
and home produced organic fertilizers and feedingstuffs, no less than 295 samples 
contained Salmonella organisms. A particularly high incidence was found in imported 
bones and bone products and in Angola fish-meal. In all eighty-eight Salmonella sero- 
types were isolated and, in these, six new types were found. Although the report 
states that sufficient evidence is not yet available to assess the epidemological signifi- 
cance of the results, it is obvious that there is no lack of opportunity for infection of 
cattle of all sorts, and dairy cows if infected might be a source of danger to humans. 
In the Report of the Public Health Laboratory Service for 1958 (27) it is stated that in 
England and Wales two outbreaks were associated with milk, both being due to un- 
pasteurized T.T. milk containing S. typhimurium. One of the outbreaks occurred in 
Hereford in August, when at least forty-four customers of a dairy had symptoms. 
The organism S. typhimurium phage type 1 was isolated from seventeen patients and 
one dairyman. The organism was not isolated from the milk, but it was believed that 
the dairyman was responsible for the contamination of the milk. The other Salmonella 
infection occurred in Derbyshire, where twenty persons became ill after drinking T.T. 
unpasteurized milk hand bottled on the farm. The causative organism was isolated 
from four patients and two cows with enteritis. Dauer & Davids (1) reporting on food 
poisoning in the U.S.A., mentioned that thirty cases of salmonellosis were traced to 
raw milk from a certified dairy. A person employed at the dairy continued to work at 
his job though ill with an infection due to S. dublin. In another state five cases 
were thought to be due to milk from an unspecified dairy, while a hospital outbreak 
(number of cases not mentioned) was thought to be due to malted milk. 

S. dublin occurs with fair frequency in infections of cows and calves. Some experi- 
mental work by Harms (28) is of interest. This worker had two cows with latent 
Salmonella infections but excreting S. dublin. When the milk was obtained with 
aseptic precautions S. dublin could not be recovered. When, however, the udder was 
not washed and when hand-milking was employed fourteen out of thirty-nine samples 
contained S. dublin. Further, in a dairy herd with several carriers of S. dublin, 257 
samples of milk were examined over a period of 18 months, and seven samples 
showed Salmonellae. The author concluded that in many instances infection of milk 
is caused by contamination rather than by secretion in the milk. 


(c) Dysentery 
Only one paper contains a reference to dysentery bacilli in milk. Lipkina (29) has 
studied the viability of Flexner dysentery bacilli in milk. He found that the organ- 
isms remained viable for 2-31 days at room temperature and 11-49 days at 4-5 °C. 
Variations in viability depended on the previous treatment of the milk and on the 
strains of organisms used in the experiment. 


STAPHYLOCOCCAL INFECTIONS 


The importance of Staphylococcus pyogenes in the cross-infection of patients in the 
surgical and maternity wards of hospitals is now well established. The increasing 
resistance of certain strains of the organism to antibiotics has made treatment of 
serious infections more difficult. Furthermore, the prevalence of food poisoning due 
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to the organism is a feature of many reports on public health and epidemiology. 
Sources of infection in the animal kingdom are therefore of vital interest. 

The Report on the Animal Health Services of Great Britain for 1958 (30) mentions 
that out of 3940 samples from cases of clinical mastitis in cows, Staph. pyogenes 
was isolated from 956 specimens and the same organism was associated with Str. aga- 
lactiae and C. pyogenes in a further forty-seven. Thus, practically a quarter of all 
cases of mastitis were either wholly or partly staphylococcal in origin. Papavassiliou 
& Obiger 31) examined 400 samples of raw and 100 samples of pasteurized milk for 
coagulase positive staphylococci. In addition, a large number of swabs were taken 
of milk pails and other equipment, and of milk handlers. Coagulase positive Staph. 
aureus were found in 34% of raw milk samples but in only 1 % of pasteurized. Out of 
100 strains tested eighty-four could be phage typed; fifty-seven were identified as 
belonging to group III, twenty-four were typed by phage 42 D as well as by one or more 
group III phages, while only two were typed by phage 42 D alone. 

The Annual Report of the Public Health Laboratory Service (27) on the occurrence 
of food poisoning in England and Wales in 1958 stated that 26 out of 285 general out- 
breaks, 23 out of 601 family outbreaks, and 125 out of 7300 incidents were due to 
staphylococci. Only one, however, was due to milk and four to Cheddar cheese. The 
milk outbreak occurred in Sussex where five persons took ill after consuming milk and 
one after partaking of pudding made from the milk. A cow which had calved a few 
days earlier died on the day of the outbreak. One quarter of the udder was greatly 
inflamed and Staph. aureus phage type 6/47/53+ was isolated from it, from the milk, 
and from the faeces of two or three patients. Of the four outbreaks associated with 
Cheddar cheese, one occurred in a family involving three persons; two became ill 
after eating cheese as part of a meal, and the third developed symptoms when he ate 
the cheese to test its wholesomeness. A scanty growth of Staph. aureus phage type 
42K /77/42D+ was obtained from the cheese. The three other outbreaks occurred in 
hospitals in the South of England and were associated with cheese from the same 
source. Sixteen patients had symptoms in the first, seventy-one in the second, and 
154 in the third. The incubation period was between 2 and 6h. A strain of Staph. 
aureus which was not phage-typed was isolated in the second outbreak from the 
cheese, but not from six human specimens examined. In the first and third outbreaks 
Staph. aureus phage type 53/54/75+ was isolated from the cheese and, in addition, in 
the third outbreak Staph. aureus phage type 80/42 E/53/54/75 was isolated from the 
cheese and phage type 53/54/73 from two patients. The cheese was made on a 
Scottish farm, probably from unpasteurized milk 3 or 4 months before it was eaten. 
Additional information on what appears to be part of the same outbreak is given by 
Shiel (32). He described two food poisoning episodes which appeared to have, as their 
vehicle of infection, milk produced at adjacent farms. On 14 August 1958 at a hotel 
in the Stewartry of Kirkcudbright, Scotland, forty-eight persons became ill with 
sickness and vomiting. Staph. awreus was recovered from the stool of one patient and 
the milk was found to contain an almost pure culture of this organism. The milk was 
supplied from a dairy herd of Jersey cows which were all found to be suffering from a 
subclinical mastitis. These episodes emphasize the need for adequate cooling of the 
milk until it reaches the consumer or is pasteurized. Furthermore, on 23 August 1958 
an outbreak of food poisoning occurred in a hospital in the South of England and was 
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traced to cheese supplied by a Glasgow wholesale cheese merchant but actually made 
on a farm in the Stewartry. The Staph. aureus recovered from the cheese belonged to 
phage type 53/54/75. Cows on the farm had subclinical staphylococcal mastitis but 
the organisms recovered were not of the same phage type as those recovered from the 
cheese. It was noted, however, that the cheese had been prepared at the farm at the 
beginning of May and the outbreak had occurred on 23 August. 

A brief summary of five outbreaks of staphylococcal food poisoning in Wisconsin, 
US.A., in 1958, was given by Allen & Stovall (33). The food substance which was the 
vehicle of infection was Colby cheese, which is described as a washed curd cheese with 
an open texture. The authors state that, in connexion with the outbreaks, eighty- 
seven samples of milk and cheese were examined, and of these seventy-eight showed 
staphylococci, seventy-two being coagulase positive and forty-five being phage 
typable. Phage type 42D appeared twenty-one times and 44A eighteen times, 
indicating staphylococci of bovine origin; from the forty-five cultures, some strains 
of staphylococci were tested for enterotoxin and two were found to be positive. 
Hendricks, Belknap & Hausler (34) have reviewed the literature on staphylococcal 
food poisoning in the U.S.A. and present an account of an outbreak due to cheese. 
They give the frequency of this type of food poisoning as in Table 1. In Iowa 200 
persons became ill on Sunday evening, 24 August 1958, at an institution with a total 


Table 1. Reported outbreaks of staphylococcal food poisoning in the U.S.A. 


All food Milk and milk products 

Year Outbreaks Cases Outbreaks Cases 
1953 81 4045 
1954 100 4868 4 114+ 
1955 102 4130 2 24 
1956 111 4313 26 700+ 
1957 58 1660 Nil Nil 


population of 1100. The symptoms of those affected were typical of a staphylococcal 
intoxication. Inquiries showed that the peccant food was probably cheese. The 
Cheddar cheese was part of a consignment of about 1900 lb and consisted of sixty-one 
wheels or flats representing thirteen lots. It had all been made 4-8 months previously 
in one particular factory. Coagulase positive Staph. awreus was recovered from 
seventy-five of eighty-four cheese specimens and all showed the same phage pattern. 
Samples of the milk from the herds supplying the cheese factory were obtained. 
Staph. awreus was isolated from milk from two of eight dairy herds. The phage 
pattern of these strains was the same as in the strains isolated from the cheese. The 
organism also produced an enterotoxin which gave the characteristic reaction when 
kittens were subjected to it. 

Experimental work on staphylococci in cheese has been carried out by Mattick, 
Neave & Chapman (35). Milk from cows infected with Staph. aureus was used in the 
preparation of four Cheddar cheeses. The numbers of staphylococci increased almost 
8- to 20-fold up to the pitching of the curd, then dropped slightly during the first 7-10 
weeks of storage and then declined more rapidly and at 14-22 weeks could not be 
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recovered. The decline of growth was less rapid in sweet than in acid cheese. The 
cheeses produced no ill effects when eaten. 

The problem of staphylococci in spray dried milk has been discussed by Hawley (36). 
He stated that 10% of samples of dried milk contained Staph. aureus. The sources of 
contamination were manual contacts of equipment, aspiration of dust, and leaks in 
equipment such as pumps. 


DIPHTHERIA, STREPTOCOCCAL AND PNEUMOCOCCAL INFECTIONS 

Outbreaks of milk-borne diphtheria were always relatively infrequent in occur- 
rence. A section in the Report on Animal Health Services in Great Britain for 1958 (0) 
stated that 3940 samples were examined from clinical cases of mastitis. Thirty-nine 
cows were found to be infected with Corynebacterium ulcerans. This raised rather a 
difficult public health problem since the toxin which this organism produces is 
identical with that produced by C. diphtheriae. The report gives no reference to 
infection of human beings. 

In the same report on the examination of almost 4000 samples of material from 
bovine mastitis Str. pyogenes was not isolated from a single specimen. Some years 
ago outbreaks of acute streptococcal infection in the form of tonsilitis or scarlet fever 
were fairly frequently reported in the literature. These were, in the main, due to 
infection of a cow’s udder by a human carrier of the organism, and the extensive 
contamination of milk thereafter. Mechanical milking machines and hygienic meas- 
ures have practically eliminated this method of infection. However, one paper 
recently published shows that milk can become contaminated. Taylor & McDonald 
(37), medical officers attached to an R.A.F. unit in Cyprus, described three outbreaks 
of streptococcal infection. In all there were 835 cases of tonsilitis and pharyngitis, 
120 of which had evidence of scarlet fever. Three waves of an explosive nature 
occurred on 12 May, 26 May and 3 August 1957. All milk consumed by members of 
the R.A.F. unit was tinned milk diluted with water, and instructions had been issued 
that the tins were not to be opened until just before breakfast. Owing to pressure of 
work on the night kitchen staff, this instruction had not always been observed and the 
milk was, on several occasions, reconstituted some hours before use. It was presumed 
that the milk had been contaminated by the kitchen staff and that multiplication of 
the streptococci had been possible. The laboratory investigation showed that of 754 
patients whose throats were swabbed, 432 were found to carry group A Str. pyogenes. 
Twelve representative subcultures from the first two waves were sent to the Strepto- 
coccal Reference Laboratory at Colindale, and were found to belong to Griffith type 
5/12/27, while seven cultures from the third epidemic were found to belong to either 
Lancefield group A or G. 

No outbreaks of pneumococcal infections due to milk have been reported in recent 
literature. Mastitis in cows can, however, be caused by serological types of pneumo- 
cocci which are known to be fully virulent for human beings. Machlachlan, Wilson & 
Stewart (38) recorded an interesting outbreak of mastitis in a herd of forty-nine cows 
due to a type III pneumococcus. Within a short time half of the animals in the herd 
were affected by a fulminating type of mastitis which markedly reduced the milk 
yield. It was thought that infection had been introduced into the herd by a worker, 
but bacteriological examination of throat swabs from those in contact with the 


de 

to 

ut 

he 

he 

in, 

he 

ith 

iy- 

ed 

ge 

eS, 

ins 

00 

bal 

he 

ne 

ly 

m 

n. 

d. 

ge 

he 

on 

k, 

he 

st 

10 

be 

: 


96 Reviews of the progr2ss of dairy science 


animals failed to show the organism. There was no record of any infection among 
human beings consuming the milk. Pneumococcal mastitis outbreaks in dairy cattle 
are apparently comparatively rare, but the authors in their paper refer to reports by 
Roots & Harlsen (39), Schofield & Swan (40), Wilson & Lanchester (41) and Eieland (42). 


BRUCELLOSIS 
(a) New books 
Several books have recently been published on brucellosis. Wallis (43) gives a brief 


historical review of the disease as it affects man, particularly in England, but for the 
rest the volume deals mainly with the clinical aspects. Dalrymple-Champneys (44) 


Table 2. Evidence of infection from milk in 1032 cases of 
undulant fever (after Dalrymple-Champneys (44)) 


Raw milk or cream drunk 1032* 
Contagious abortion reported present 261 
Milk whey agglutination or ring test positive 59 
Brucella grown from milk or cream 61 
Cow’s blood serum agglutinated Brucella 22 
Brucella grown from cow’s blood 2 


* This number included 124 cases in which tuberculin-tested milk alone was drunk: 147 of these 1032 
patients also had contact with infected animals. 


has also given an account of brucella infections in man. After it was reported that 
undulant fever due to Brucella abortus had occurred in Denmark and France, the 
Chief Medical Officer of the Ministry of Health suggested that the situation might be 
investigated in England. Dalrymple-Champneys was responsible for the inquiry and 
the present volume is based on the investigation of the first 1500 indigenous cases. 
An account is given of the origin, nature of the infecting organism, and the clinical 
features of the disease together with its pathology, prevention, diagnosis, prognosis 
and treatment. A section of the book is devoted to animal reservoirs of infection and 
the fate of brucella organisms outside the body, and a further section discusses the 
sources of infection. Table 2 taken from the book summarizes the evidence of infec- 
tion from milk. After excluding 147 cases where there was direct contact with the 
infected animals, the source of infection in 885 cases was milk or cream. Another 
chapter of the book discusses the prevention of infection by eradication, avoidance of 
infected food, preventive measures, and finally legal powers. The author suggests that 
when unpasteurized milk is sold to the public, and it is proved that an infection was 
due to a particular milk supply, then the responsibility for the infection should be 
placed on the producers. A book by Chodkowski et al. (45) contains a full discussion on 
the bacteriology, immunology, and epizoology in Poland. It also contains a section 
on human infections and their treatment. The bibliographical references are very 
numerous. 
(6) Incidence of brucellosis in man 

In England and Wales the Annual Report of the Chief Medical Officer of the 
Ministry of Health for 1958 (46) states that 93-2 °% of milk sold to the public was now 
heat treated and further that most human cases of undulant fever now occurred in 
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rural districts. These facts suggest that contact with infected animals and their 
excretions is more commonly the means of infection than the ingestion of infected 
milk. The milk ring test enables infected herds to be located with the minimum of 
effort and expense, and the ring and whey agglutination tests were both useful for 
screening purposes. When brucella infection is confirmed in milk by culture or by 
guinea-pig inoculation, the milk producer can be advised to isolate the infected cows, 
to milk these animals last, and to have all their milk heat treated ; and to sterilize all 
equipment after each milking. If the quantity of milk produced is very small, the 
farmer can dispose of it, after boiling, for stock feeding purposes. The Report states 
also that these are purely voluntary arrangements between the health authorities and 
the farmers. Bothwell (47) has surveyed the trend of brucellosis in man in Great 
Britain in relation to national mortality and morbidity in so far as they can be ascer- 
tained and with due regard to the fact that the disease is not notifiable. He stated 
that the persistence of the disease transmitted by milk is probably due to the con- 
tinuing use of a small proportion of unpasteurized milk which contains field strains of 
Br. abortus even in animals vaccinated with strain S. 19. He has also discussed the 
deficiencies in legislation and suggests that the regulations relating to the disease 
night be brought together and classified in new ‘Brucellosis Regulations’. In a 
further paper by the same author (48) an analysis of cases of undulant fever occurring 
in the Oxford region has been made. In the 20-year period 1939-58 sixty-one cases 
were diagnosed as suffering from undulant fever, and he believes that there has been 
no significant reduction in the number of cases diagnosed in spite of a considerable 
increase in the proportion of milk pasteurized. Finally, he suggests that a pilot 
scheme for the eradication of brucellosis should be attempted in the Oxford area. 

In the U.S.A., Helvig (14) reported that during the 10-year period 1947-56 the 
States reported to the National Office of Vital Statistics a total of 31132 cases of 
brucellosis. The highest incidence was in 1947 when 6321 cases were notified, and 
after that there was a gradual decrease to 1100 cases in 1956. Several officials from 
State health departments and medical investigators were invited by the Communic- 
able Diseases Centre to evaluate the sources of infection, and the consensus of their 
opinion showed the following: 


Farm occupational 40%, cases 
Raw milkorcreaam . . . 20% cases 
Indirectly occupational . 20% cases 


Pasteurization of milk was a vitally important safeguard but at the same time a great 
deal of progress was being made with the eradication schemes. Progress has been 
materially helped by (i) the passing of State and local milk regulations requiring 
brucellosis-free herds for milk production, (ii) the introduction of the rapid and eco- 
nomical milk ring and whey tests for screening herds for infection, and (iii) an 


extension of calf vaccination schemes which would produce higher herd immunities. 


Saddler (49) believes that there is a disproportionate ratio of diagnosed cases of human 

brucellosis to subclinical and undiagnosed cases. No truly diagnostic test has been 

devised so far. An extensive literature has been built up in connexion with such 
7 Dairy Res. 28 
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sources of infection as milk, slaughtering of infected animals, and contamination as 
a result of abortion. Though the majority of human cases acquire infection by way of 
these sources, yet the author believes a considerable number become infected through 
‘meat’. This is defined as the edible portions of cattle, sheep, swine, and goat car- 
casses, which have been refrigerated for at least 18 h. The paper dealt exhaustively 
with this aspect and the conclusion is reached that 1-25% of cattle carcasses and 
1-15-3-5% of the other carcasses are contaminated with one or more of the three 
species of Brucella organisms. 

In France, Chassagne & Gaignoux (50) have published a report on human brucel- 
losis. During the 3 years 1953 to 1955, the number of cases notified to the health 
authorities was 997, 967 and 687, respectively. Usually the cases occurred in small 
groups and were mostly confined to a small number of departments. The departments 
with the highest rate per 100000 of the population in 1954 and in 1955 were Corsica 
118 and 48-7, Basse-Alpes 32-1 and 22-6, Hautes-Alpes 25-8 and 11-7, Gard 18-1 and 
6-4, Meuse 16-9 and 15-4 and Ardéche 16-4 and 6-4. For the whole country the attack 
rate was 2-2 in 1954 and 1-6 in 1955. Males were four times more frequently affected 
than females, the majority being in the age groups of active employment: although the 
febrile period often lasted 1 month or more the fatality rate was 1%. In sixty-three infec- 
tions the causative organisms were identified as Br. melitensis in fifty-two, Br. abortus 
in seven, and mixed infections in four. The sources of infection in 468 patients were, 
goats 26%, sheep 24%, cattle 27%, and mixed 29%. An analysis of the routes of 
infection ascribed 46% to the cutaneous route, 24% to the digestive tract, and a 
mixture of both in 24% of patients. Renoux (51) gives a complete review of the 
methods of transmission to man, the various animal hosts of the brucellae and the 
routes of infection by ingestion, by contact, by living vaccines, and by inoculation. 
As regards milk and milk products, the author gives a table showing the findings of 
other workers who had studied the survival of the brucellae after pasteurization of 
milk and after storage of milk products such as cheese. The review gives a list of 
372 references to papers dealing with the subject. 

In Germany, Loose (52) states that he believed that few cases were due to drinking 
milk which, in that country, is now largely pasteurized. It is mostly an occupational 
disease occurring in those who have direct contact with infected animals. Further- 
more, in the Pfalz region of Germany there was an increase in the number of cases due 
to Br. melitensis, where an epidemiological investigation showed that the infected 
individuals had contact with sheep. One hundred flocks were examined and 50% 
were found to be infected. During the war many sheep were transferred to the 
grazing areas of Southern France, were infected there, and later introduced the 
disease to Southern Germany. 

In Italy (at the instigation of the Minister of Public Health in France) Bestieu (53) 
investigated the epidemiology of brucellosis. Information was put at his disposal by 
the Italian Public Health Service, and by the medical authorities in Rome, Palermo 
and Florence. The cases recorded in Italy were 


Year Cases 
1929 956 
1933 1923 
1937 3948 
1950 9538 
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During the period 1937 to 1954, the recorded incidence in the whole of Italy rose from 
0:91 per 10000 inhabitants to 2-04 in 1950 and fell slightly to 1-84 in 1954. The high 
incidence of infection in some parts of Italy constituted a grave problem but was 
being tackled with energy by the Italian authorities. 

In Malta, Alton (54) found that in 100 herds of dairy cattle there were between 300 
and 400 cows infected with brucellae. Two-thirds of the infections were due to 
Br. abortus and one-third to Br. melitensis. Br. melitensis was the only type isolated 
from goats, sheep, and pigs, 20% of goats and 1% of sheep being infected. A cam- 
paign for eradication is in progress. 

In Roumania Pop, Dimitrui & Vaselexo (55) have studied the epidemiology of the 
disease. Following the 1939-45 war there was a marked increase in the incidence of 
human brucellosis. A survey and examination of 538 people employed in farming, the 
dairy and meat trades, and in the control of brucellosis, revealed 101 cases of brucel- 
losis. Further, among 500 persons employed in the production of pigs fifty-one 
were found to have been infected. Amongst those infected persons associated with 
cattle, chronic infections occurred in 68-3%, acute and subacute disease in 17-8 %, 
and latent infection in 13-8%. In comparison, amongst those employed in looking 
after pigs and showing evidence of infection, the disease was latent in 66-7 %, chronic 
in 27-4 %, and subacute in 5-9 %. The cases occurred sporadically at all seasons of the 
year.. Milkers and veterinary surgeons appeared to have a particularly high incidence 
but the infections were not conveyed by milk but by contact and handling of infected 
materials. 

In what was the Belgian Congo the reports on brucellosis have been very limited ; 
only two Africans and three Europeans have been proved to have suffered from 
Br. melitensis infection. Thienpost et al. (56) by agglutination tests on blood samples 
showed that 6-76 % gave positive tests with Br. abortus. It was noted that in the 
Astrida district 5-03 % of cattle had hygromas, and a brucella organism was cultured 
from sixty-three out of sixty-seven samples from these. The strains thus obtained all 
belonged to the type described by Bevan (57). 


(c) Brucella melitensis infection in cattle 


In recent years certain strains of brucellae which had been isolated from dairy 
cows have been found to have the characteristics of Br. melitensis, but in this country 
there has been no evidence of an increased incidence of human infections among 
individuals who have partaken of the infected milk or who have been in direct contact 
with the infected cattle. The Annual Report (58) on the Animal Health Services in 
Great Britain for 1958 stated that Br. melitensis was isolated from cattle on nine 
farms. In Italy, Gorgini and Guerra (59) examined 141 strains of Brucella between 
1952 and 1958. Nine were typical melitensis, 128 atypical melitensis with melitensis 
cultural characteristics but abortus serology, two were atypical abortus, and one 
strain conformed to the characteristics of Br. suis. Though the disease in humans was 
mostly associated with those looking after sheep, the disease seems to be becoming 
more frequent. Wundt (60) suggested that there is some evidence of an increase and of 
a wider distribution of cases of brucellosis due to the melitensis type in Federal 
Germany. The situation has been studied in particular in the state of Wurtemburg. 
At one time, Br. abortus was the only causative organism found in humans and in 
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bovines, though Br. suis occasionally caused outbreaks of disease in swine. Br. meli- 
tensis was then introduced to south and south-west Germany during the war by 
sheep which had been pastured in France and from that time infections with the 
melitensis type have spread to Hesse, Wurtemburg, and along the right bank of the 
Rhine. From 1954 to 1958, sixty-six cases of human brucellosis came under observa- 
tion and of these thirty-nine were due to Br. melitensis, the source being cattle in five, 
sheep in twenty-two, with twelve unknown. The author emphasized the need for 
typing all strains of brucellae isolated from humans and every effort should be made 
to prevent the spread of the melitensis type. Seelmann (61) believes also that, in 
Germany, Br. melitensis infections appear to be extending. A phage-typing laboratory 
technique has been introduced recently and this may help to differentiate true meli- 
tensis types from other varieties. A reference to this is made in the section on 
laboratory methods. 
(d) Sheep and goats 

Renoux (62) has reviewed the position of brucellosis in goats and sheep and the 
transmission to man. He has described the clinical symptoms, the distribution of the 
organisms in the tissues, the laboratory method of diagnosing infection, and the 
control of the disease. Out of a total of 230 strains obtained from various sources, 
only fifty-one gave the distinct biochemical and serological reactions of Br. melitensis, 
while 179 strains could be classified by biochemical tests as Br. melitensis and as 
Br. abortus by serological tests. For these Renoux has introduced the name Br. inter- 
media. Goats excrete brucella organisms in the milk sometimes regularly and some- 
times irregularly. He examined 125 milk samples from goats, using the cream and 
the deposit after centrifuging. The results were as follows: cream and deposit twenty- 
five positives; cream only five positives; deposits only twenty positives. 


(e) Laboratory methods 


There is some controversy about the methods used in classifying brucella strains 
obtained from various sources. Renoux (63, 64) believes that there is only one species, 
namely Br. melitensis. Classification on the basis of dependence on CO, for primary 
isolation, resistance to dyes, production of H,S and serological tests with mono- 
specific sera gives at least four types including Br. intermedia. The author asserts, 
however, that the data from the use of these criteria could be used in sixty-four 
combinations, that bacteriological classification cannot be accomplished on the basis 
of arbitrary criteria, and that on the other hand the determination of varieties pro- 
vides useful epidemiological information. Wundt(65) has undertaken an extensive 
study of the laboratory methods employed in classifying strains of brucella. Dye 
sensitivity, H,S production, splitting of urea, the sodium di-ethyl dicarbonate test of 
Renoux, and typing with monospecific sera are advocated, while sugar fermentation 
and dependence on CO, are regarded as unsatisfactory. The author concluded that 
the types represent varieties rather than species. McCullogh & Beal (66) have exam- 
ined the biological stability of the genus Brucella and state that the constancy of the 
species is borne out by historical background and by modern research. They are not 
labile and are not subject to spontaneous alteration. 

Stableforth (67) has examined the various methods in use for the diagnosis of bovine 
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brucellosis and believes that a combination of the milk ring tests, the whey agglutina- 
tion test, and cultural examination would be economical for the control and eradi- 
cation of the disease. 

Brucella phages have been known for a considerable time and were first demon- 
strated by Pickett & Nelson (68). Recently papers by Drinmelin (69,70) and Jones (71) 
have appeared giving the methods of applying phage typing and the results obtained. 
Drinmelin states that phage typing may rank high in the list of tests for the identifica- 
tion of strains of Brucella. Jones has examined a number of strains with melitensis- 
like characteristics from England and showed that these strains are different from 
true melitensis strains and are similar to Br. abortus in their susceptibility to lysis by 
phage. This test may be useful and may help to explain the problem of infectivity. 


(f) Control of brucellosis 


The control of brucellosis in cattle and other animals is a problem which has 
presented many difficulties. The disease is widespread and its subacute and latent 
forms create great difficulty in diagnosis. Furthermore, extensive serological and 
bacteriological examinations are often necessary to trace the infectious animals 
within a herd. In some countries a policy of elimination by slaughter has been 
successful. Thomsen (72) has given an account of the eradication and control of bovine 
brucellosis in Denmark, Finland, Norway and Sweden. This comprehensive paper 
includes details of the disease, diagnostic methods, brucella vaccine and vaccination, 
and general conclusions. In Denmark the original herd infection rate was 25% in 
1944, but was less than 0-5 % in 1956. In the year 1927, 120 cases of undulant fever 
were reported; in 1936 the number had risen to 605, and thereafter there was a 
gradual decrease until in 1956 only eleven cases were diagnosed. The A.B.R. test 
(Abortus Bang Ringprufen) by Fleischhauer & Hermann (73) was introduced in 1946 
and was of immense value in the diagnosis and control of infection. The antigen used 
in this agglutination test was the Bendsten one (74) stained with the vital dye 2,3,5- 
triphenyltetrazolium bromide. In Finland the main eradication method was slaughter 
of infected animals. In 1938 there were 3328 known infected herds but by the end of 
1945 this number had been reduced to 1916, and by 1956 this disease had been 
completely wiped out. In 1938 there were twenty-eight human cases of undulant 
fever, but after 1942 this figure was reduced to two or three and for the past few 
years there has been none. In Norway slaughter was the policy adopted for eradica- 
tion. In 1939 the disease was observed in 3053 herds while in 1947 there were only 
nine, and now these have been eliminated. As regards human infections, the incidence 
rate must have been very small since only five cases were reported in 1937, one case in 
1939, three cases in 1940 and one case in 1942. In Sweden there were 1600 infected 
herds in 1945 and by using the ABR test the infected animals were rapidly diagnosed 
and then slaughtered. In January 1956 there were only five infected herds and since 
that time these have been eliminated. The cases of undulant fever in human beings 
varied from 121 in 1931 to 191 in 1936. After the introduction of eradication measures 
the number decreased rapidly until in 1956 there was only one. 

Held, Bauer & West(75) have considered the effects of eradicating brucellosis in 
cattle on the incidence of human cases in Minnesota. Brucellosis was first reported 
there in 1927 and there was an upward trend until 1946, followed by a downward 
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trend. In 1927 the case rate was 0:24; it was 13-84 in 1946 and 1-94 in 1956. In 1939 
the State Legislature authorized an area plan to eradicate brucellosis in cattle and by 
1956 all counties in the State were operating this plan. The plan included the 
slaughter or isolation of cattle reacting to tests, and regulation of imported cattle. 
As eradication proceeded there was a reduction in human cases. From 1927 to 1956 
the number of human cases reported varied with the increase and decrease of cattle 
population. The organism causing most of the infections in humans was Br. abortus 
and it appeared that most of the cases were infected by direct contact with animals 
rather than by ingestion of milk. 


LEPTOSPIROSIS 


At the Animal Diseases and Human Health Conference held in New York in 1957, 
a paper by Woodward & Stockhard (76) stated that in the U.S.A. the leptospira which 
affected human beings were Leptospira icterohaemorrhagiae, L. canicola, L. pomona, 
L. bataviae and L. autumnalis. Gulton (77) also discussed the epidemiology of lepto- 
spirosis in the U.S.A. For many years rats and dogs were considered to be the primary 
animal carriers but now the host range includes domestic animals and a variety of 
feral mammals. The serotypes associated with domestic animals were L. ictero- 
haemorrhagiae, L. canicola and L. pomona. The disease in humans has apparently 
increased. From 1954 to 1957 36% of eighty-nine human cases had contact with 
cattle or swine in abattoirs or on farms. The author said that during the acute phase 
of leptospirosis in lactating animals leptospira may be shed in the milk but no human 
case in the series could have been attributed to drinking infected milk. The author 
remarked that Kirschner’s observation that whole milk is leptospirocidal may be the 
explanation for non-transmission. In Canada, Mitchell (78) described the infections 
which occurred in cattle in the Province of Ottawa. The disease was most prevalent 
from August to December and the clinical symptoms frequently observed were 
mastitis and abortion. L. pomona was recovered from pathological material and also 
at times from milk. Alexander (79) in an extensive review of the distribution of lepto- 
spirosis in Latin America states that of the sixty leptospira serotypes described in the 
world, seven have been identified in Middle America and five in South America. It is 
expected, however, that further types will be identified after more research work has 
been done. Cows are affected by L. pomona in the U.S.A. and Canada and by 
L. hardjo in the U.S.A. and by L. canicola in the U.S.A., Argentina, Peru and Brazil. 
Mitrofanova-Perfil’era (80) tested the survival of L. icterohaemorrhagiae in various 
foodstuffs. The infected foods were held at 16-20 °C and at 4-5°C. In general, the 
organism survived for a longer period at the lower temperature. In sour milk, how- 
ever, it survived for less than 10 min but in raw milk it survived for 1 day at the 
higher temperature and 2 days at the lower temperature. The work on the survival 
of leptospira in milk seems to show considerable variations in the results obtained. 


Q FEVER 
In a complete review of the epidemiology of Q fever in Great Britain, Marmion & 
Stoker (81) have, in addition, given a survey of the literature on the disease in other 
parts of the world. The paper includes a discussion on the natural hosts of Rickettsia 
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939 burnett and the transmission of infection to man. The authors state that Q fever is, 
| by classically, a disease of those working with domestic ruminants, although in their 
the original series of sixty-nine sporadic human cases only eight had such exposure. The 
itle. disease is widespread in this country and good evidence has been obtained of the 


importance of unpasteurized cow’s milk as a vehicle of infection. For instance, in two 
towns in Kent, the majority of the cases of Q fever and also the highest proportion of 
healthy adults with serological evidence of infection were found amongst the custo- 
mers of five retail dairies out of a total of sixteen or seventeen selling milk. R. burneti 
was demonstrated in the milk from two of the five dairies. The investigations of the 
authors have shown clearly that persons using pasteurized milk will have a lower 
probability of contracting Q fever or of exhibiting antibodies than those in the same 
area using raw milk. The great increase in the pasteurization of milk during the past 


5 
oa few years will reduce the incidence of sporadic cases. The Report of the Chief Medical 
na, Officer of the Ministry of Health for 1958 (82) gives a brief summary of the work done 
to- by Marmion & Stoker at Cambridge, Evans at Cardiff, Walker at Luton, and Lane at 
ary Bideford on the transmission of Q fever to man. It is stated that the prevention of 
- of the disease in human beings in England and Wales must depend on the adequate 
_ pasteurization of milk. The resistance of R. burneti to heat is greater than some of the 
tly other pathogens likely to be found in milk and the H.T.S.T. method of pasteurization 
ith scarcely provides an adequate time-temperature relationship to ensure complete 
se safety under conditions existing in commercial pasteurization plants. It is reported 
- that Evans at Cardiff found that 38-2 °% of samples of bulked raw milk and 5-5 % of 
or samples of pasteurized milk contained the organism. The pasteurized milk had been 
he heated under H.T.S.T. conditions at 161°F for 15 sec and all samples passed the 
- phosphatase test. Grist (83) stated that previous investigations in the south-east of 
“se Scotland had led to the discovery of infected dairy herds. In one of these self- 
- contained dairy herds the cows were examined at intervals over 4 years. Not more 
- than 15% of the cows showed evidence of infection at any one time but prolonged 
* excretion of rickettsiae in milk was observed for periods of 32 months. Loss of 
ne infectivity and complement fixing antibodies was apparent, and the author suggests 
‘t. that infection is maintained within the herd by infection of younger, non-immune 
animals. 
by An Editorial article in the British Medical Journal s1) discussed the clinical and 
il. pathological findings in a sporadic case of Q fever. It also summarized the position 
- as regards epidemiology. Marmion (85) has discussed recent developments and some 
” unsolved problems associated with Q fever. He stated that the best demonstration 
id of a latent and recrudescent infection with R. burneti is to be found in the pregnant 
7 animal and human being, domestic ruminant, or laboratory experimental animal. 
“J Furthermore, the reason for the late multiplication of the rickettsiae in the placenta 
d. is one of the unsolved problems of the disease. Another aspect of the epidemiology of 
the disease is the significance of infection in small animals. As regards the eleven out- 
breaks which have occurred in this country since 1959, though the methods of trans- 
mission of infection were in some doubt, he believed that milk did not seem to have 
& been responsible for any of the outbreaks. Evans & Baird (86) described an outbreak 


of Q fever affecting fourteen men and two women in a suburb of Cardiff in the autumn 
of 1958. An investigation showed that only two patients drank raw milk, thirteen 
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pasteurized, and one sterilized milk. The pasteurized milk came from no less than six 
plants and samples taken before the outbreak occurred had all passed the phospha- 
tase test. Sixty-eight milk samples had been taken from local farms. Some of the 
results of this investigation are given in the annotation of the section dealing with 
Q Fever in the Annual Report of the Chief Medical Officer of the Ministry of Health 
for 1958. Evans is also examining the possibility of mosquito-borne infection. 


LISTEROSIS 


Girard & Gavin (87) have reported on a series of infections in the new-born due to 
Listeria monocytogenes. Previously Gray, Singh & Thorp 8s) have demonstrated that 
the oral route could be an avenue of infection in pregnant rabbits and goats and that 
an infection could produce abortion, stillbirth, or early death of the new-born. The 
disease occurs not infrequently in cattle and infections of the udder have been de- 
scribed. Furthermore, Portel (89) and Wramby (90) have recovered the organisms from 
raw milk. Contaminated milk could, therefore, be a vehicle of infection and Seeliger (1) 
has pointed out that in epidemiological investigation the milk should be examined. 

Beams & Girard (92) have studied the effect of pasteurization at 61-7°C for 35 min 
by the holding method on six strains of various serological types in skim-milk. The 
experiments showed that L. monocytogenes could be recovered from the pasteurized 
milk when the number added was 5 x 10 per ml or greater. Strains of the various 
serological types showed no significant difference in heat resistance. When the 
pasteurized milk was afterwards held at 22°C for 48 h the surviving organisms had 
multiplied and counts of viable organisms could read 10° per ml without producing 
significant changes in the milk. 

In the U.S.A., Winn, Sherry & Kirby (93) stated that since 1950 there had been 
eighty-three human cases verified by the Communicable Diseases Center Laboratories 
and, since 1954, 2106 animal cases. There are four serological types of the organism 
and all affect man, mammals, and poultry, but the epidemiology of the disease is not 
fully understood. The premature infant and the aborted foetus may be due to con- 
genitally acquired L. monocytogenes infection, even although the mother does not 
show signs of an overt illness. Hyslop & Osborne (94) have reviewed the reports of 
listerosis in Great Britain and state that the danger of milk-borne infection was 
demonstrated experimentally by Gray & Thorp (95) when they exposed female rabbits 
to infection either a few days before or immediately after parturition. From eleven 
does which were infected, one or more of the offspring in seven litters became infected 
post partum through the milk. The authors believe that whenever Listeria infection 
becomes generalized in cows there is a danger of a transient infection of the udder. 
Although milk from clinically severe cases is unlikely to reach the public, it would be 
possible for human beings to use milk from mild or subclinical cases. L. monocytogenes 
is able to multiply in milk at ambient temperatures and in consequence the milk 
might become grossly contaminated. The authors also pointed out that L. mono- 
cytogenes possesses a heat tolerance greater than other non-sporulating pathogens. 
They believe that their experiments demonstrated that the infection of milk supplies 
constitutes a potential source of infection for urban populations. 
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VIRUS INFECTIONS 


The literature on virus infection of milk is relatively scanty. Kalter (96) has pointed 
out that numerous orphan viruses have been isolated from human secretions and 
excretions and that a similar prevalence exists in the animal kingdom. As regards 
cattle the various viruses which have been isolated have not shown any very definite 
relationship to those isolated from human sources. On the other hand, antibodies for 
the polio viruses have been shown to exist and in certain circumstances to increase. 
This was particularly so for Type 2. 

From Eastern Europe and Asiatic Russia there is good evidence of the excretion of 
several animal viruses in milk. Domestic animals such as the cow and the goat have 
been shown to excrete tick-borne encephalitis virus and a virus which produces a 
diphasic fever. Drozdov(97) stated that a febrile infection can be transmitted to 
families who use goat’s milk and less frequently to others who use cow’s milk. The 
virus can be recovered by the inoculation of milk into mice and has been known to be 
related to viruses causing encephalitis, louping-ill, and Omsk haemorrhagic fever. 
By mass inoculation the virus was recovered four times from 203 samples of goat’s 
milk but not from cow’s milk. Blaskovic(98) has discussed various aspects of tick- 
borne encephalitis in south-east Europe. He states that the infection can be trans- 
mitted to humans either by the bites of infected ticks or by the ingestion of infected 
milk. Vaccination of domestic animals with mouse brain vaccine is suggested in order 
to reduce the possibility of transmitting the disease through milk. Grésikova (99, 100) has 
in Czechoslovakia, inoculated six sheep with a strain of tick-borne encephalitis. The 
strains had undergone forty-seven mouse and one hamster passages. Four of the 
sheep had no febrile reaction, one had fever on the eighth day, and one had fever on 
the third and eighth day after inoculation. Viraemia was detected in all inoculated 
animals and lasted for periods ranging from 1 to 5 days after inoculation. The milk 
was found to contain the virus for periods of 4-6 days after inoculation. The milk 
from sheep is extensively used for cheese making. He has carried out experiments on 
the survival of the virus of tick-borne encephalitis in milk and milk products and has 
found that the virus can survive at 4°C for 2 weeks and in cream and butter for 
2 months. 
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